The cultural ecology of pastoralism in Eritrea:  a geographical inquiry by Kahsaye, Woldetensae Tewolde
Louisiana State University
LSU Digital Commons
LSU Doctoral Dissertations Graduate School
2002
The cultural ecology of pastoralism in Eritrea: a
geographical inquiry
Woldetensae Tewolde Kahsaye
Louisiana State University and Agricultural and Mechanical College, wtewold@lsu.edu
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_dissertations
Part of the Social and Behavioral Sciences Commons
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Doctoral Dissertations by an authorized graduate school editor of LSU Digital Commons. For more information, please contactgradetd@lsu.edu.
Recommended Citation
Kahsaye, Woldetensae Tewolde, "The cultural ecology of pastoralism in Eritrea: a geographical inquiry" (2002). LSU Doctoral
Dissertations. 2745.
https://digitalcommons.lsu.edu/gradschool_dissertations/2745
THE CULTURAL ECOLOGY 
OF PASTORALISM IN ERITREA: A GEOGRPAHICAL INQUIRY 
 
 
 
 
 
 
 
 
 
 
 
 
 
A Dissertation 
Submitted to the Graduate Faculty of the  
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the  
requirements for the degree of 
Doctor of Philosophy 
In 
The Department of Geography and Anthropology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
by 
Woldetensae Kahsaye 
B.A., Addis Ababa University, 1988 
M.A., Addis Ababa University, 1995 
August 2002
 ii  
 
ACKNOWLEDGMENTS 
First and foremost, I thank God the Almighty for his gifts and strength that 
enabled me to complete this dissertation. 
I would like to record a special note of thanks to my major professor Dr. Kent 
Mathewson, who generously devoted his time, giving valuable suggestions and tirelessly 
commented on the draft. His sincere advice in reshaping and organizing the whole 
dissertation was great. I would like also to express my deepest gratitude to my committee 
members, Dr. Miles Richardson, Dr. William Davidson, Dr. Helen Regis, and Dr. John 
Malone for sharing their time and expertise. 
I am highly indebted to the Fulbright and USAID/Eritrea Exchange Programs for 
the Ph.D. grant they awarded me during the course of my study. The University of 
Asmara and the Robert C. West Graduate Student Field Research Fund also deserve a 
special note of thanks for the financial assistance they provided me in carrying out the 
fieldwork for this study. 
I would like also to extend heart- felt thanks to the experts and extension workers 
at the Ministry of Agriculture, to Sheab and Kerkebet administration offices, and to all 
the sampled households in the study areas for their generous cooperation in providing me 
information for the research. 
Finally, I am greatly indebted to my family and to my friends who in one way or 
the other shared my pains during the course of the study. Special thanks go to my father 
Tewolde Kahsaye, to my wife Nigisti Hadgu, and to my children Loula, Ellen, and Robel 
for their encouragement and love. 
 iii  
 
TABLE OF CONTENTS 
 
ACKNOWLEDGMENTS ……………………………………………………………… ii 
 
LIST OF TABLES……………………………………………………………………….vi 
 
LIST OF FIGURES……………………………………………………………………..viii 
 
ABSTRACT……………………………………………………………………………...ix 
 
CHAPTER1. PERSPECTIVES ON LIVESTOCK ECONOMY AND RANGE 
                      RESOURCES………………………………………………………………1                                                                                                                                                                                                                                                            
1.1 Introduction…………………………………………………………………………… 1 
1.2 Theoretical Framework……………………………………………………………….. 3 
1.3 Traditional Livestock Economy: Characteristics…………………………………….. 6 
1.4 Development Issues…………………………………………………………………. 12 
1.5 The Survey Design and Implementation……………………………………………..14 
     1.5.1 Study Objectives…………………………………………………………… 14 
     1.5.2 Research Hypotheses………………………………………………………. 15 
     1.5.3 Materials and Methodology………………………………………………... 16 
           1.5.4 Sample Size and Sampling Procedure……………………………………... 22 
1.6 Conclusion……………………………………………………………………………23  
 
CHAPTER 2. BACKGROUND TO THE STUDY AREAS…………………………….26 
     2.1 Eritrea……………………………………………………………………………. 26 
           2.1.1 History………………………………………………………………………28 
           2.1.2.Physical Setting……………………………………………………………..28 
           2.1.3 Land-Use and Land-Cover………………………………………………….31 
           2.1.4 Economy and Social Amenities……………………………………………. 33 
     2.2 Tigre and Hidareb as the Study Communities: Kerkebet Study Area…………… 37 
           2.2.1 The People…………………………………………………………………. 37 
           2.2.2 Physical Setting……………………………………………………………..38 
           2.2.3 Household Economy……………………………………………………….. 38 
     2.3 Tigre and Rashaida as the Study Communities: Sheab Study Area……………... 40 
           2.3.1 The People…………………………………………………………………. 40 
           2.3.2 Physical Setting……………………………………………………………. 43 
           2.3.3 Household Economy……………………………………………………….. 44 
     2.4 Conclusion……………………………………………………………………….. 45 
 
CHAPTER 3. DEMOGRAPHIC PROFILE, LABOR FORCE AND HUMAN 
                      WELFARE………………………………………………………………...47 
     3.1 Introduction………………………………………………………………………. 47 
     3.2 Demographic Structure of the Sampled Households…………………………….. 47 
           3.2.1 Household Morphology……………………………………………………. 47      
           3.2.2 Household Size and Literacy Status……………………………………….. 53 
     3.3 Marital Status…………………………………………………………………….. 57 
 iv  
 
           3.3.1 Marriage……………………………………………………………………. 58 
           3.3.2 Divorce……………………………………………………………………...59 
     3.4 Labor Force Supply in the Pastoral System……………………………………… 61 
     3.5 Human Welfare…………………………………………………………………... 65 
           3.5.1 Dietary Composition……………………………………………………….. 66 
           3.5.2 Incidences of Human Diseases…………………………………………….. 68 
           3.5.3 Housing Types……………………………………………………………... 68 
     3.6 Conclusion……………………………………………………………………….. 75 
 
CHAPTER 4. HERD DYNAMICS……………………………………………………... 78 
     4.1 Introduction………………………………………………………………………. 78 
     4.2 Estimating Livestock Population………………………………………………… 80 
     4.3 Herd Size as a Function of Labor………………………………………………... 81 
     4.4 Herd Dynamics…………………………………………………………………... 83 
           4.4.1 Large Ruminant Herd Dynamics…………………………………………... 83 
                    4.4.1.1 Birth and Purchase Rates…………………………………………... 86 
                    4.4.1.2 Sale and Slaughter Rates……………………………………………88 
           4.4.2 Small Ruminant Herd Dynamics…………………………………………... 91 
                    4.4.2.1 Birth and Purchase Rates…………………………………………... 94 
                    4.4.2.2 Sale and Slaughter Rates……………………………………………97 
     4.5 Incidences of Animal Diseases…………………………………………………. 102 
     4.6 Conclusion……………………………………………………………………….105 
 
CHAPTER 5. MOBILITY AND DROUGHT COPING MECHANISMS……………. 107 
     5.1 Introduction……………………………………………………………………... 107 
     5.2 Herd Movement, Herd Size Determinants, and the Role of Women……………108 
           5.2.1 Herd Movement…………………………………………………………... 108 
                    5.2.1.1 Cost Analysis of Mobility………………………………………… 111 
                    5.2.1.2 Explanatory Factors in Herd Movement………………………….. 113 
           5.2.2 Herd Size Determinants and the Role of Women………………………… 116 
                    5.2.2.1 Determinants of Herd Size………………………………………... 116 
                    5.2.2.2 The Role of Women in Herding Society…………………………..119 
     5.3 Drought and The Traditional Coping Mechanisms……………………………...121 
           5.3.1 Drought Coping Mechanisms…………………………………………….. 121 
           5.3.2 Recovery and Relief Activities…………………………………………… 125 
           5.3.3 The Tragedy of the Commons……………………………………………. 129 
    5.4 Conclusion………………………………………………………………………. 132 
 
CHAPTER 6. LIVESTOCK MARKETING AND THE SURVEY 
                       OF THE SPATE IRRIGATION SYSTEM……………………………...134 
     6.1 Introduction…………………………………………………………………….. 134 
     6.2 Livestock Marketing System in the Study Areas………………………………..136 
           6.2.1 Livestock Sales…………………………………………………………….139                                             
           6.2.2 Livestock Prices…………………………………………………………... 145 
           6.2.3 Household Income and Expenditure Analysis……………………………. 146               
           6.2.4 Constructing Wealth Differentials Among the Sampled Households……..150 
 v  
 
     6.3 Survey of the Spate Irrigation System………………………………………….. 157        
           6.3.1 Production Parameters and Crop Yield……………………………………158 
           6.3.2 Rural Restructuring and the Pastoral Model of Development……………. 166 
                  6.3.2.1 Traditional Spate Irrigation System………………………………... 167    
                  6.3.2.2 Modern Spate Irrigation System…………………………………… 169 
     6.4 Conclusion……………………………………………………………………… 170 
 
CHAPTER 7 GENERAL CONCLUSIONS AND SUMMARY OF FINDINGS…….. 173 
     7.1 Summary of Findings……………………………………………………………173 
     7.2 General Conclusions……………………………………………………………. 179 
 
REFERENCES…………………………………………………………………………183 
APPENDIX I: HOUSEHOLD QUESTIONNAIRE……………………………………193 
APPENDIX II: STUDY AREA DOCUMENT………………………………………... 203 
 
APPENDIX III: DATABASE…………………………………………………………. 208 
 
VITA…………………………………………………………………………………… 231 
 
 vi  
 
LIST OF TABLES 
1.1A Location of the sampled villages and number of sampled households  
in the Kerkebet study area………………………………………………………………. 24  
 
1.1B Location of the sampled villages and number of sampled households   
in the Sheab study area…………………………………………………………………..24 
3.1A Age and sex structure of the sampled population in the Kerkebet                         
study area………………………………………………………………………………...50 
3.1B Age and sex structure of the sampled population in the Sheab study Area………..51 
3.2 Profile of respondents (percent) by age, religion, and literacy status ………………56 
3.3 Labor share among household members in the Kerkebet study area ……………… 64 
3.4 Frequency of consumed food types (percent) over the climatic phases 
surveyed………………………………………………………………………………….67 
4.1 Correlation matrix between Active Adult Male Equivalent (AAME) 
and herd sizes in pre-drought and drought conditions…………………………………...82 
4.2 Change in aggregate holdings of large stock per sampled household in  
pre-drought and drought conditions…………………………………………………….. 84 
4.3A Mean cattle and camel birth rates (percent) per sampled household  
across different climatic phases………………………………………………………….89 
4.3B Mean cattle and camel purchase rates (percent) per sampled household…………..90  
4.4 Mean small stock holdings per sampled household in pre-drought and  
drought conditions……………………………………………………………………….92 
4.5A Mean small stock birth and purchase rates (percent) in pre-drought 
conditions………………………………………………………………………………...95 
4.5B Mean small stock birth and purchase rates (percent) drought conditions………….96 
4.6 Mean small stock sales rates and slaughter rates (percent) for the area 
surveyed……………………………………………………………………………….…98 
4.7 Animal diseases in the study areas across different climatic phases……………….104 
5.1A Percentage of households who reported supplementary feed to cattle  
and camels during each climatic phase …………………………………………….…..126 
 vii  
 
5.1B Percentage of households who reported supplementary feed to sheep and 
goats during each climatic phase ……………………………………………………....127 
6.1 Characteristics of livestock marketing in Eritrea…………………………………...138 
6.2 Mean livestock marketing for a sampled household across different climatic 
phases…………………………………………………………………………………...142 
6.3 Inequality in livestock distribution among the sampled households in the pure- 
pastoral study areas………………………………………………………………….….152 
6.4 Production unit heterogeneity of the sampled househo lds in the pure-pastoral 
study site………………………………………………………………………………..155 
6.5 Seasonal production cycle of agro-pastoralists in Sheab study site………………...164  
 
 
 
 
 
 
 viii  
 
LIST OF FIGURES 
Figure 1 Map of Eritrea showing the location of the study areas………………………..27 
Figure 2 Major physical features of Eritrea ……………………………………………..30 
Figure 3 Soil map of Kerkebet study region……………………………………………..39 
Figure 4 Production map of Kerkebet study region……………………………………...41 
Figure 5 Maaden: A traditional housing structure of Tigre and Hidareb pastoralists…...71 
Figure 6 Khamsin: An anti-cyclone over the semi-arid region of Kerkebet…………….72 
Figure 7 Camels have adaptive advantage over the other species……………………….87 
Figure 8 Goats’ adaptability to the semi-arid environment of the study region…………93 
Figure 9 Changes in the aggregate possessions of large stock across different  
climatic phases ………………………………………………………………………..…99  
Figure 10 Changes in the aggregate possessions of small stock across different  
climatic phases………………………………………………………………………….100  
Figure 11 Linear curve estimation between the search for water and migration  
distance in the pure-pastoral study area………………………………………………...117 
Figure 12 Linear curve estimation between the search for pasture and migration  
distance in the pure-pastoral study area………………………………………………...118 
 
 
 ix  
 
ABSTRACT 
This dissertation is an investigative cultural ecologic study of the pastoralists in 
the eastern and northwestern lowlands of Eritrea. Tigre, Hidareb, and Rashaida herders 
were identified and studied throughout the fieldwork. These ethnic groups constitute 
people with defined cultural and economic characteristics inhabiting environments 
characterized by marked seasonal variations in precipitation. Their livelihoods are almost 
wholly dependent on livestock forming types of modes of production identified as pure-
pastoralism and agro-pastoralism. The distinction between these two forms lies primarily 
in the type of economic strategy pursued (i.e., wholly livestock-based economy versus 
livestock-crop economy) as well as in the pattern of pastoral movement involved (i.e., 
horizontal versus vertical). The information gathered from these groups through a 
structured questionnaire and through participant observation formed the basis for 
quantitative and qualitative analysis.  
It is concluded that the study groups employ herd mobility as an adaptive strategy 
used to take advantage of rainfall; a critical factor that determines the supply of forage as 
well as the number of animals that can be supported in an area. A regression analysis 
showed that the search for pasture explains most of the variations in a decision to 
migrate. In addition, the survey on the herd dynamics demonstrated that the variable and 
harsh environment of the study areas significantly impacted the livestock holdings of the 
households. The mortality pattern for all species types increased during the drought 
period across all zones studied. The analysis of the magnitude of the reduction across 
wealth classes indicated the rich pastoralists suffered greater loss in absolute terms, but 
such losses were lower in proportion to their holdings. The wealthy class reacted more 
 x  
 
quickly during the recovery phase, while the poor experienced either a long period of 
adjustment or an ejection from the pastoral system. Finally, the study concluded that the 
pastoral groups have entered into a new phase of development due to compelling human 
and ecological circumstances. Mobility is gradually being eliminated, while a strategic 
shift to sedentary cultivation, as an increasingly important process, is taking place.  
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CHAPTER ONE 
PERSPECTIVES ON LIVESTOCK ECONOMY AND RANGE RESOURCES 
1.1 Introduction 
The nomadic population of Eritrea occupies a vast proportion of the territory, yet 
very little is known about their lifestyles and the way they interact with their 
environment. The areas inhabited by these groups of people, like the other regions in the 
dry lands of East Africa, are fairly isolated from the main centers of development and are 
generally inaccessible because of poor communication and transport infrastructure. In 
addition, the prolonged political struggle waged between 1961 and 1991 hindered almost 
all research and development activities in the country. The author, thus, had come to a 
point in his professional carrier to closely work and research among these pastoral groups 
with the belief that such endeavor would pave the way for more research programs. To 
this effect, his research project involved direct observation of events, designing and pre-
testing of interview schedules, developing a research design for a quantitative testing of 
the hypotheses, and data recording and coding. The ethnographic fieldwork was based 
primarily on structured interviews with the aim of generating primary data from the 
sampled households.  
East African pastoralists have come under enormous pressure as their natural 
environment has been challenged by “new circumstances, new constraints, and new 
possibilities” (Salzman 1982:204). Helland (1977) noted that the pastoral crisis in this 
part of the continent was brought about by increasing imbalance in the ecological systems 
that are, for most part, correlated with changes in land tenure system and dramatic 
increases in human and livestock populations. Recurrent droughts, which lead to water 
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shortage and disruption of the vegetation cycle, are considered to be the root causes of the 
crisis in the pastoral regions of East Africa. The herders, who are impoverished and 
depend on a diminishing resource base, are at a risk of being dislocated from their lands. 
Studies indicate that the chances of drought occurring in parts of the Greater Horn have 
increased from a probability of one in six years to one in three years for areas affected 
(Corbett 1988). In response to the deteriorating ecology, the pastoral communities have 
developed traditional mechanisms by which they can alleviate the threat of drought. With 
increased human and livestock pressure on the grazing ecosystem, however, these 
mechanisms have become increasingly ineffective and hence the herders are becoming 
more vulnerable to the adverse effects of their environment.  
Various studies have characterized the pastoral societies of East Africa as rural, 
largely dependent on products of livestock, and related to each other by a network of 
animal exchanges. Khazanov (1984) and Breunig (1996) observed that the institutions 
that generate internal cohesion, pastoral commitment, and shared language and culture 
act to differentiate these societies from others. The economic essence of pastoralism is 
typically marked as the maintenance of herds on a system of free range. A distinction 
exists, however, between nomads and other kinds of pastoralists. Spooner (1973) viewed 
nomads as populations who are economically reliant on their herds and who wander 
seasonally in search of water and pasture, while other researchers (e.g., Goldschmidt 
1981; McDonald 1988) identified other types of pastoralists who are less reliant on 
herding, less mobile, or who occupy richer environments where farming is feasible. Early 
works on pastoralism put heavy emphasis on the cultural aspects of livestock production 
(Herskovits 1926). Later, British cultural anthropologists (e.g., Dyson-Hudson 1972; 
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Spencer 1973; Evans-Pritchard 1976) analyzed the structure and functions of pastoral 
societies and provided detailed discussions on the ecology of pastoralism. With advances 
in theory and with better field research methodologies, the concern has shifted to “the 
economic aspect of having herds” (Dahl and Djort 1976).  
The literature contains several competing theories to explain the development of 
pastoralism in East Africa.  Spooner (1973), for example, favored the ecological 
perspective, which emphasizes pastoralism’s adaptive advantage in arid and semi-arid 
rangelands. Spooner (1973) argued that pastoral economies emerged and persisted in 
uncultivable lands where a mobile way of life was, and remains, the only viable 
subsistence strategy. However, this theory has recently been challenged by a Cultural 
School, which views pastoralism as a product of social environment that has adopted a 
defensive strategy against expanding state societies (Sadr 1991). 
The literature on the traditional livestock economy is rich enough to 
accommodate various models that explain the herders’ coping strategies in the face of 
unpredictable environment. Which of these models are capable of providing a rational 
explanation to the internal dynamics of pastoralism remains an empirical issue. 
Nevertheless, the differences among these models have profound implications for 
development interventions as well as for our understanding of the pastoral societies. 
1.2 Theoretical Framework 
· Risk-Averse and High Reliability Pastoralism  
The risk-averse model views pastoral economy as an adaptation of herders and 
herds to environmental stress caused, for most part, by factors such as variability in 
rainfall and grass cover (Roe et al. 2000). In other words, this model regards pastoralism 
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as a strategy adopted by herders in ecologically stressful situations caused by exogenous 
factors. Ellis (1993) presents the risk-averse model from two perspectives. First, the 
herders try to avoid hazards through moving the livestock to locations of grass and water 
or minimize the magnitude of hazard by spreading the herd across a large geographical 
space. The herders therefore escape the worst effects of ecological degradation by 
searching for a better area. According to Ellis (1993), therefore, the conditions that 
facilitate herd movement are to be encouraged and those that hinder are to be rejected.   
The assumption that pastoralism is a risk-averse adaptation to a highly variable 
exogenous environment was unchallenged for several decades (Dahl and Hjort 1976; 
Swallow 1989; Galaty 1990). A new approach has been devised, however, as a result of 
the disappointing performance of many development projects (UNSO 1992). The new 
model that explains the pastoralists’ behavior is found in high reliability theory, which is 
a recent development initiated by a group of theorists at the University of California at 
Berkeley. In high reliability pastoralism, unlike in the risk-averse approach, the hazards 
cannot be avoided; instead they must be accepted and managed because what the risk-
averse model treats as external to pastoralism the high reliability model considers internal 
to the livestock economy (Roe et al. 2000). From the perspective of the new theory, 
Reckers (1994) argued for the need for diversity of herd stocks that allows for a more 
efficient use of rangeland and facilitates a more reliable supply of food. 
In summary, from a risk-averse perspective, pastoralists practice mobility as a 
strategy to avoid the worse effects of natural stress and to increase the chances of being 
left with minimum herd survival after that stress. From the high reliability perspective, 
spatial and temporal diversity of rangeland is managed by herders in general so as to 
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increase the chances of producing and maintaining peak herd sizes, even through drought 
period. These two perspectives are often presented as mutually exclusive alternatives in 
the study of pastoralists and the ir resources. This research, however, recognizes both as 
instrumental in explaining the deteriorating rangeland conditions of East Africa and the 
subsequent reduction in herd size. 
· Ecological Equilibrium and Non-equilibrium Ecological Theory 
 The classical way of dealing with the problem of pastoralism in East Africa is 
concerned with how ecological dynamics are understood and converted into range 
management techniques. Range managers, for example, have long used the principle of 
ecological equilibrium as justification for a concept of “climax” or of a turnover of 
species in a steady environment (Swallow 1989). But more recently a new paradigm, 
labeled “non-equilibrium ecological theory”, was further fine-tuned and consolidated 
based on empirical research  (Friedel 1991; Behnke and Kerven 1995). There are a few 
conceptual distinctions between the recently advanced “non-equilibrium ecology” and the 
classical “ecological equilibrium”. First, ecological equilibrium used the range 
management tool of “carrying capacity” to determine the number of animals that can 
theoretically be supported on a given rangeland. Niamir (1994) criticized this concept, as 
it gives no consideration to yearly variability and spatial heterogeneity at the micro-level. 
He further conceptua lized that in the arid context it is precisely the two factors of space 
and time, rather than the number of animals that determine sustainable carrying capacity.  
Second, the theories differ from each other over the extent of geographic space to be 
utilized by pastoralists. The new theory, contrary to the ecological equilibrium, asserts 
that water points, villages, and development interventions encourage sedentarization, 
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reduce mobility, and enhance the concentration of people and livestock in a small 
territory. Ecological degradation caused by humans and animals is a common feature 
around concentration points, while degradation over a large arid ecosystem is rarely a 
result of overstocking (Niamir 1994). 
 So the ecological equilibrium and non-equilibrium ecological models differ 
fundamentally in the presumed role of biotic versus abiotic elements over the pastoral 
ecosystem. They also consequently vary in utility with concepts such as carrying capacity 
of rangeland, defined as the population density at which there is no net change in 
secondary production (Desta 1999). While the concept of carrying capacity is a goal (a 
framework) for managing livestock in an equilibrial system, it can be viewed as 
misleading or irrelevant in a non-equilibrial system (Ellis and Swift 1988; Behnke and 
Scoones 1993). 
1.3 Traditional Livestock Economy: Characteristics  
Pastoralism in East Africa evolved over a long period of time as a rational 
response to the fragile ecosystem. It was a successful subsistence strategy and formed a 
livestock economy, serving distant markets upon which many non-pastoral peoples 
relied. Recent literature, however, emphasizes the failures of pastoral economies, the 
impact of drought, and the attempts to incorporate herders into large regional and state 
economies. The people are impoverished and forced to eke out a living on a diminishing 
resource base, and they are at a risk of being dislocated altogether from their lands. Lack 
of rural income and competition with large commercial producers are also emphasized in 
reports of increasing hardships among the African herders (Thomas and Sporton 1977). 
Arid and semiarid lands exhibit ecological constraints, which set limits to pastoralism and 
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agro-pastoralism. As suggested by Smith (1992), the major constraint s include the 
inherently erratic nature of rainfall, a high rate of evapotranspiration, and low organic 
levels. Others (e.g., Pratt and Gwynne 1977; Glantz 1987) argue that the problem in arid 
areas is basically one of bad land use, as herders keep very large numbers of poor-quality 
livestock, and that the only way to resolve the problem is to increase control over the 
numbers and movement of livestock. 
Sandford (1983) considered both communal grazing and heavy stocking rates as 
prime factors for the deteriorating conditions of rangelands and for the subsequent failure 
of pastoral economies. Similarly, Hardin (1968), in his famous work “The Tragedy of the 
Commons”, showed that it is in the interest of the herder to increase his livestock size 
since he will gain all the benefit of having a larger herd while sharing any adversity with 
the others. In other words, it is to the advantage of each individual herder to increase their 
livestock size, with resultant range deterioration. Recent advances in theory and 
improved field research, however, cast doubt on the tragedy of the commons as a useful 
explanation of traditional pastureland use.  
· Labor Input 
The relations between the major factors of labor and livestock and the 
interdependence between the technical and social aspects of these relations have 
influenced the development of pastoral system.  Several empirical studies (e.g., Fratkin 
1987; Sperling 1987) have documented the high labor input of pastoral production. 
Unlike agriculture, where most of the production tasks take place in a specific location, 
herding requires a large and varied domestic labor force. Labor is required for herding, 
digging wells, milking animals, collecting water, preparing food, marketing, and, in some 
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societies, cultivation. Turner (1999) found the reduction in herding labor among the 
Fulbe households in West Africa led to reduced herd mobility and to more constricted 
grazing patterns with significant environmental implications.  
Herding communities have tended to vary along two dimensions regarding labor 
input; from specialized to more diversified pastoralism, and from relatively autonomous 
to more highly articulated communities of livestock keepers (Johnson and Galaty 1999). 
Men usually make decisions about labor to adjust to changing conditions in natural 
resources and livestock, while women are responsible for household duties. In some cases 
women and young girls herd sheep and goats and milk all animals, while men and boys 
herd cattle and camel or engage in extra income-generation activities. Sperling (1987) 
observed a general trend of women having a more important role in herding as men leave 
pastoral economies for urban wages and other opportunities. 
· Traditional Techniques 
Nomadic pastoralism requires constant and periodic movements in search of 
water and pasture, a factor that differentiates this form of livestock production from those 
practiced by ranchers. The pattern of movement varies widely, ranging from constant 
roaming to regular and seasonal migrations with semi-permanent settlement. The 
pastoralists’ movement has at times been challenged by government policies, which have 
disrupted the natural process of adjustment that maintains the balance between people, 
land, and livestock (Markakis 1987). This has had an adverse effect on the fragile 
ecology and the pastoralist economy. Markakis (1987), for example, mentioned the case 
of the Gezira Scheme in the Sudan, where land is owned primarily by herders, but these 
herders have increasingly been pushed into rapidly shrinking and marginalized areas. 
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More recently, national governments have eroded the tribal power bases of the 
pastoralists and have undermined the traditional authority, weakening pastoralists’ rights 
over resources. In Kenya, for example, the government (until recently) viewed pastoral 
groups as squatters with no legal claim to either land or water (Timberlake 1985; Galaty 
and Salzman 1981).  
 In response to a harsh and variable physical environment, most nomadic groups 
in East Africa have developed range management techniques, including pasture rotation 
and grazing reserves. These techniques are frequently used to save forage for critical 
periods. For example, the Zaghawa herders in Chad move their sheep and camels north to 
Sahara pastures in parallel paths, leaving ungrazed portions of pasture for their return 
journey to the south (Tubiana and Tubiana 1977). The Maasai, on the other hand, widen 
their grazing radius and delay entering dry season areas (Jacobs 1980). As observed by 
Western (1982), this strategy has been shown to increase the total carrying capacity by 50 
percent. Moreover, herd diversity and splitting techniques are also widely practiced to 
maintain the long-term productivity of the range and to ensure sustainable production at 
comparatively low cost. The Tigre of Eritrea, for example, frequently separate large 
ruminants from small ones; calves and small stock are herded near the settlement on 
reserved pastures, while adult stock are grazed further off within daily travel of the 
family settlement. Jacobs (1980) and Fratkin (1987) observed a herd splitting method 
among the Masaai pastoralists that resulted in reduced grazing competition among 
livestock and dispersion of grazing pressure as each type of livestock was taken to the 
most suitable pasture. Members of the pastoral communities who are incapable of coping 
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with drought-related stresses become urban migrants looking for tertiary occupations 
(Sanders et al. 1996). 
Range utilization techniques among pastoralists in East Africa are site-specific in 
response to ecological conditions and social needs. The grazing system is based on 
scheduled mobility between well-defined seasonal grazing areas. Niamir (1990) noted 
how micro-mobility is regulated through frequency of grazing, time lapse between each 
grazing area, distance between grazed areas, and dispersion between herds. Niamir 
(1990) further argued that these elements are used on a daily basis and that they 
determine traditional range utilization regulations The herders also practice traditional 
methods of range improvement techniques that include fire to regenerate growth and 
reduce parasite infestation, mixed species of herds to make use of all ecological niches, 
and mobility to disperse grazing pressure. The UNSO report (1994), however, mentioned 
the disintegration of some of these elements due to external pressures such as 
expropriation of land by cultivators and horticulturists. 
Traditional herding is also an art of protecting livestock and minimizing the risk 
of attack by bandits. During trans-border migration, the herders from southwest Eritrea, 
for example, camp together in groups of six to eight; they scout for one another; and they 
slaughter male calves to minimize the difficulty of sending the herd back to the border if 
bandits are encountered (Bascom 1990). Similarly, the Fulani herders in Mauritania and 
Senegal guard animals by moving livestock against the wind so that they can smell 
predators. Night grazing, never allowing livestock to drink at noon, and learning signs 
and songs to “talk” with livestock are part of the herding strategy. The pastoralists are 
also sufficiently aware of the energy-conserving abilities of cattle, and possibly other 
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livestock, to adjust their herding techniques accordingly. Sinclair (1975) recorded the 
cattle watering techniques used by herders who drove animals to distant and less used 
pasture: the time saved in commuting gave animals more time to graze selectively. As 
part of the management strategies, the production objectives of pastoralists also assume 
various forms, and the priority given to each goal changes depending on a household’s 
particular circumstance. Among the Tigre and Hidareb herders of Eritrea, for example, a 
young family with young children will try to maximize milk production, while an older 
family with older children will attempt to maximize marketable slaughter animals.  
· Carrying Capacity 
One of the major issues in the discussion of range management is the carrying 
capacity of rangeland, which has been applied, mainly to the management of the arid and 
semi-arid regions of the world and especially to the pastoral systems in Africa. The need 
to establish criteria and methods for determining the carrying capacity of African 
rangelands became more strongly felt when several regions of the continent were hit by 
droughts in the 1960s and 1970s (Lane 1998; Leenew and Tothill 1999).  
Several approaches are available for estimating grazing capacity and for setting 
proper stocking rates. The most commonly method used is to estimate the total edible 
plant biomass produced annually, multiply it by a proper use factor, and divide it by the 
amount of forage an animal needs to survive, thereby giving the theoretical number of 
animals that a range can sustain (Valentine 1990; Hill and Aucamp 1993). However, 
several researchers, notably Ellis (1993), have challenged the above approach, pointing 
out that this measure suffers from variability, error, and subjectivity. On the basis of 
nearly a decade of teamwork on the Turkana pastoral system in the arid north of Kenya, 
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Ellis (1993) argued that plant productivity, an essential component of this measure, is 
strongly dependent on rainfall, which varies greatly from year to year. In addition, the 
proper use factor is rarely more than rule of thumb, as the relationship between the 
amount of forage left uneaten and the following year’s growth is not well understood.  
Despite the difficulties with the calculation of carrying capacity, several 
researchers have attempted to show the supporting capability of a given grazing ecology 
based on selected climatic variables. Hoste and Houeron (1977) have established an 
empirical relationship for the low rainfall regions of sub-Sahara Africa where 2.5kg of 
dry matter per hectare is produced for every mm of rain. Similarly, for very arid 
conditions (i.e., rainfall at 200 mm or below), range capability is put at 42 ha/Tropical 
Livestock Unit (Pratt and Gawynue 1977). The link between rainfall and livestock 
production is well supported in the literature (Cohen 1980; Marshal 1990; Bekure 1993; 
Bonfiglioli 1993). Taking rainfall amount as a detrimental variable, UNEP (1985) 
estimated that 45 percent of the African rangeland is affected by moderate desertification 
(25 percent loss in carrying capacity), and another 45 percent by severe desertification 
(25 to 50 percent loss in carrying capacity). Lack of water during the dry season leads to 
a reduced feed intake, which is usually followed by starvation and death. Thus, as rainfall 
decreases water becomes more important as a determinant of range productivity.  
1.4 Development Issues 
 In the East African context, it is often difficult to monitor the effects of changes in  
the livestock production system and to devise means of improving the livelihood of the 
pastoralists. This is mainly due to lack of adequate understanding of the adaptive 
strategies pursued by the herders and of their traditional cultural values. The poor 
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performance of the Turkana development project in North Kenya is a negative example 
of strategies that have been adapted without full understanding of the multifaceted nature 
of the problems (Hoggs 1986; Awogbade 1992). The provision of services provided and 
the administrative procedures applied for pastoral areas have been small, unreliable, and 
inappropriate to the spatial characteristics of pastoral development. In Somalia, for 
example, pastoralism has been of low priority to the state, though the sector forms 
livelihood for about 60 percent of the population (Samatar 1989). 
Today, it is widely emphasized that pastoralists must be involved in decisions 
about the types of infrastructure and social services to be provided in their locality. This 
has served as a means to enhance understanding between local people and development 
practitioners and to develop appropriate tools to alleviate cons traints on local people. 
Pausewang (1988) noted that real progress could be achieved in rural areas only when the 
people are allowed to participate in both planning and practical work, the prerequisites 
being self-reliance and democratic organizations for local administration. Chambers 
(1992) stressed the need for professional people to recognize and appreciate the 
knowledge of cattle herders, for three reasons. First, this serves as a means of obtaining 
information about the local conditions, needs, and attitudes of the people. Second, local 
people are more likely to be committed to development schemes if they are involved in 
the preparation of such projects. Finally, it is considered to be a basic democratic right 
that people should be involved in their own development.  
A more recent approach to pastoral development accepts communal ownership of 
grazing land, managed by local institutions, as a viable way of using resources in arid and 
semi-arid rangelands (UNSO 1994). This approach also underlines the importance of 
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decision-making at the level of user groups and recognition of indigenous knowledge. 
Effective conditions for pastoral development are also likely to include institutional 
requirements and may even require changes in the local people’s social va lues. This 
poses a question as to how problems related to pastoral development should be tackled in 
order to bring about changes. There seems to be no easy solution to the problem. On one 
hand, one must attempt to preserve some of the cultural heritage of pastoralism, and on 
the other hand, change should be introduced to enhance social and economic progress. 
1.5 The Survey Design and Implementation  
1.5.1 Study Objectives  
The material wealth and food security of the pastoralists in Eritrea, like most other 
pastoral groups in East Africa, is dependent on livestock resources. The mobile lifestyles 
to which they are adapted do not allow them to acquire more technical skills to cope with 
the fragile ecosystem. In light of these circumstances, this study explores the interactions 
and interdependence between pastoralists and their livestock resources in the arid and 
semi-arid rangelands of the country. It seeks to identify the determinants of livestock 
holdings and to examine the perceptions and expectations of the pastoralists with respect 
to development interventions. The research objectives for this study are as follows:  
1) To understand the dynamics of the pastoralists’ livestock holdings through: 
· Recording and analyzing household characteristics (labor supply, age-sex 
composition of the population, and human welfare).  
· Recording and analyzing household herd data (livestock holding, drought losses, 
      livestock marketing, etc.).  
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2) To explain the indigenous management strategies and local knowledge involved in 
shaping resource exploitation and spatial mobility decisions. 
3) To explore the local people’s perceptions and expectations with respect to 
development interventions. 
1.5.2 Research Hypotheses  
 The following hypotheses are formulated for this research. 
· The pastoral communities’ behavior in the study areas represents successful 
strategies for survival.  
· Tigre and Hidareb communities are egalitarian societies reflecting no marked 
social stratification.  
· Mobile form of land-use will be abandoned in favor of sedentary cultivation. 
The first hypothesis was evaluated from two perspectives. First, from the risk-
averse perspective, there is a need for mobility searching for better water and grazing 
resources in the face of unpredictable environment. Second, from a high reliability 
perspective, the pastoralists manage their rangeland by using different areas in different 
ways so as to maintain peak herd size. The analysis of the existing land tenure system, 
which provides equal access, to land to all households as well as the traditional 
communal ownership of grazing resources served as a basis for the investigation of my 
second hypothesis. I also closely studied the pastoral groups in the study areas to see if 
variations in livestock possessions, and cash flow and technology transfer by people 
living abroad impacted social stratification within the community members. Both 
evolutionary and ecological explanations were used to test the third hypothesis. An 
evolutionary view suggests that low-density nomads are settling into high-density 
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villages and intensifying their use of the environment. Losses of livestock resulting from 
drought and diseases and the unstable food supply have created within nomads sense of 
readiness to accept sedentary cultivation. The drought-decline model (Renfrew 1991) is a 
version of an ecological explanation for pastoral change. Many consider environmental 
impacts like the great Sahelian drought of the late 1960s and 1970s as the turning point in 
precipitating major changes in the pastoral system of the continent (Dahl 1979; Campbell 
1984). 
1.5.3 Materials and Methodology 
There is an increasing demand for data on the pastoral regions to help establish 
base line information for planning development programs. As suggested by Sandford 
(1980), such demand arises from a genuine recognition by planners themselves that they 
need this information, because the failure of many such programs in the past sprang from 
insufficient regard for the human elements. In light of this, emphasis had been given by 
the writer on the methodologies needed to extract information during the field survey. In 
the section below, the procedure adopted in establishing the database for this research, 
the analytical tools used, and the sampling methods employed to select the target group 
for the questionnaire survey are discussed. 
· Database 
Based on the survey instrument presented by Rey et al (1998) and the author’s 
previous experiences in conducting research among rural populations (Kahsay 1995); a 
household questionnaire survey was designed. The structured participatory interview 
consisted of a wide range of questions presented in both open-ended (free response) and 
close-ended  (fixed alternative) formats. This was field-tested before the survey began, 
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and it was divided into components covering the following major themes: household 
demographic profile and labor supply, rangeland resources and management techniques, 
conflict over resource use and conflict resolution, herd dynamics and livestock 
marketing, income and expenditure, and community organization and development 
intervention.     
The questionnaires were administered by three enumerators who were employed 
based on their knowledge about the study areas, familiarity with the local languages 
(Tigre and Arabic in the eastern lowland and Tigre and Hidareb in northwest lowland) 
and level of education. The writer organized a short training session for the assistants 
before the survey was commenced. The formal interview was scheduled in consideration 
of both the total sample size and the survey protocol used in designing and implementing 
the survey. The task of collecting a wide range of empirical data  (both qualitative and 
quantitative), passed through the following four main phases:  
  i) Sampling of the household heads  
 ii) Pre-testing of the structured household survey   
iii) Organizing training sessions for the enumerators, and  
iv) Administering the questionnaires 
The fieldwork was done in three phases. The first phase (September to November 
2000) was the preliminary component of the fieldwork that comprised activities such as 
reconnaissance survey, selection of the study sites, and informal conversation with the 
local officials and community leaders. In addition, short training seminar was arranged 
for the enumerators during this phase. After initial familiarity was established in the first 
phase, the second phase continued with an extensive questionnaire survey covering 150 
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pastoral households (December 2000 to April 2001). During the final phase of the 
fieldwork (May to July 2001), twenty-five households were selected for an intensive 
investigation through the application of Participatory Rural Appraisal (PRA). PRA is a 
growing family of participating approaches that emphasize local knowledge, enabling 
local people to make their own appraisal, analysis, and plan (Chambers 1992). The 
validity of this approach for studying human- landscape interactions has been widely 
argued among researchers (e.g., Niamir 1990). PRA enabled the local groups in the study 
area to identify their own priorities and to make their own decisions about the future. This 
method was found to be straightforward and sufficiently interesting for respondents, 
which made data collection easier through participation in most routine tasks, such as 
searches for pasture and trips to market. 
The fieldwork was also initiated with a series of discussions with local officials, 
employees of the Ministry of Agriculture  (MoA), and non-governmental agencies 
(NGOs) functioning in the study areas. Documentary evidences (secondary data) on 
specific topics such as irrigated and rain-fed agriculture, livestock types and size, policy 
issues, and relief activities were obtained from government offices (e.g., Ministry of 
Agriculture and the Ministry of Land, Water, and Environment), and development 
agencies (UNDP). Moreover, statistical sources, relevant research reports, and other 
published and unpublished sources were obtained from the United Nations offices in the 
country (FAO and UNEP). Information gathered through household questionnaire survey 
and archival works included: 
i) Livestock dynamics: herd size across different climatic phases, livestock diseases by  
category for both large and small ruminants, and livestock marketing network. 
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ii) Livestock/Range management: forage and water resources, livestock supplementary 
feedstuff, forage availability during different seasons, and management during drought 
and normal seasons. 
iii) Coping mechanisms: migratory routes during normal and stress periods, migration 
decisions and information flow, relief aid, borrowing, and sharing during stress period. 
iv) Development intervention and local people’s perceptions.  
· Methods of Analysis 
The variables considered for the analysis (present livestock holdings, past drought 
losses, livestock sales, and, labor supply) were fitted into statistical models, including 
logistic and multivariate regression models. Statistical Package for Social Sciences 
(SPSS) version 9.0 program was run to determine the strength and direction of 
relationships, and to explain variations among variables. 
1) Simpson’s Index  
SI = [(TLU cattle)2 + (TLU camels)2 + (TLU goats)2 +(TLU sheep)2]/(TLU total)2 
Statistical assessments of herd diversification practiced among the pastoralists 
during both normal and stress periods were performed using the Simpson Index (SI). The 
calculation of SI involves first converting the number of animals into Tropical Livestock 
Unit (TLU) equivalents based on FAO’s conversion rate (see chapter four). 
2) Coefficient of Variations  
CV = Standard Deviation / Mean  
Coefficient of Variations (CV) was employed to analyze the differences existing 
among pastoral households with regard to the distributions of 
 20 
A) farm sizes and household sizes for the agro-pastoral areas (AP) 
B) farm sizes and crop output for the agro-pastoral areas (AP)  
3) Coefficient of Correlation       
Pearson’s Coefficient of Correlation was run using Statistical Package for Social 
Sciences (SPSS) to determine the strength (weak to very strong) and the direction 
(positive or negative) of the relationship between herd size and labor availability.  
4) Multi-Variate Regression Analysis 
Y = a +biX1 + biiX2 + biiiX3 
One of the primary objectives of this study is to estimate the strength of the 
variables considered in explaining the variations in decision-making processes among the 
pastoralists during migration (see chapter five for details on the variables selected for the 
analysis). This was done using a multi-variate regression analysis, which proved to be a 
powerful statistical tool for making predictions of the criterion variable given 
performance measures on the predictor variables (Sprinthall 1987). The following set of 
dependent (Y) and independent (X) variables were considered for the analysis section: 
Migration (Y) 
Water (Xi) 
Pasture (Xii) 
Horticulture Expansion (Xiii)  
5) Labor-input Analysis 
The basic study unit for this research was a household, defined here as comprising 
the head, spouse(s), children, and other members who depend on livestock for their 
livelihood. The absolute size of a household was converted into Active Adult Male 
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Equivalents (AAME) based on indices derived by ILRI (1998) to assess the labor input 
available for a pastoral household. AAME is computed as an adult male = 1.00 AAME; 
an adult female = 0.86 AAME; youths aged 11-15 years = 0.96 AAME; and youths aged 
6-10 years = 0.85 AAME (see Appendix IIE for the computed values of AAME for the 
sampled households).   
6) Analysis of Consumption Pattern 
 The relative advantages of alternative consumption behaviors of the sampled 
households were analyzed considering the consumption of cereal grain and meat. The 
grain that was purchased through selling animals in time of crisis was converted into 
Kcal/kg equivalent per person. Similarly, the amount of energy that could be gained from 
slaughtering animals was determined using conversion factors.  
7) Reconstructing Livestock Histories 
To answer questions related to livestock demography and to understand the extent 
of shift in livestock species composition, the writer undertook the following procedure. 
First, a local-event chronology was developed to provide a clue about changes in the 
composition of herds over different points in time. Second, the elders were interviewed to 
identify the past and present livestock ownership status and subsequent entries (births, 
purchases, gifts) and exits (deaths, sales, slaughter). Third, livestock owners were 
interviewed using the “progeny history” approach (Grandin 1983) to reconstruct a 
livestock-wealth history. This approach uses the existing animals in the herd as reference 
points from which the circumstance of entries and exits in the past is traced (Grandin 
1983). 
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1.5.4 Sample Size and Sampling Procedure  
 Jaetzold and Schmidt’s (1983) work on agro-ecological zonation and the author’s 
previous experience in conducting research in subsistence farming were used as basis for 
identifying two land-use systems for this study. The first is agro- pastoralism 
(transhumance pastoralism) in the eastern lowland where both crop production and 
animal rearing are practiced; the other is nomadic pastoralism (pure-pastoralism), which 
is a livestock-based economy found in the northwestern lowlands of Eritrea (Fig. 1).  
To determine the role the livestock economy plays in the livelihood of the local 
people, three villages for each of the study areas were selected as target populations. 
Purposive sampling was used to select the representative villages to accommodate all 
types of economic activities and demographic characteristics of the sampled households. 
Each of the study sites identified reflects the ecological and the cultural homogeneity of 
the pastoral zone within which it is located. The absence of time-series data on rainfall 
and temperature conditions has, however, been identified as a main constraint in the use 
of cluster analysis to create what Corbett et al. (1998:2) termed “effective environment”. 
Such clusters have proved to be efficient means from which areas of similar climate 
associated with pastoral ecology are derived for sampling purposes. The locations of the 
target groups were geo-referenced using the Global Positioning System (GPS – Garmin 
III). Tables 1.1A and 1.1B show the sampled villages for the study sites, the number of 
households in each of these, and their respective GPS readings.   
After identifying the sampled villages, a sampling framework was created by 
listing all the households in the study sites based on the information obtained from the 
local administration. A stratified random sampling procedure was used to select the 
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representative households in order to accommodate the major types of economic 
activities and demographic characteristics. The enumerators surveyed a total of 150 
households (roughly 12 percent of the total number of households in the study villages). 
Because of the presence of large number of households whose livelihoods are directly 
derived from livestock economy, 60 percent of the sampled households (N = 90) were 
surveyed from the pure-pastoral area (nomadic population). The rest of the household 
heads interviewed represented the agro-pastoral area (transhumance population).  
The procedure used to define the samples was in accordance with the objectives 
of the research. Since one of the major goals of this research is to explore the dynamics of 
livestock economy across different climatic phases, 25 percent of the total surveyed 
household heads (N = 38) were selected on the basis of purposive sampling system. Thus 
aged informants with wide range of experience in herding or other related activities are  
accommodated within the sample size. The rest of the household heads interviewed       
(N = 112) were pastoralists selected by simple random sampling.  
1.6 Conclusion 
 This is an investigative cultural ecologic study of pastoralists inhabiting the 
eastern and northwestern lowlands of Eritrea. These ethnic groups comprise people with 
 
defined cultural and economic characteristics inhabiting environments characterized by 
 
seasonal variations in the amount of rainfall. The study of cultural ecology recognizes 
both cooperation and competition as processes of interactions and asserts that 
environmental adaptations are dependent on technology, needs, and structure of the 
society (Steward 1977). From this perspective, I employed a research methodology that 
enabled me to closely examine the processes of adaptation of the target groups to their 
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Table 1.1A 
Location of sampled villages and number of sampled household in the Kerkebet 
study area 
 
GPS Reading Number of Sampled Households Total Sample 
Village Latitude Longitude Male-headed Female-headed  
Amalait 15o 17’ 00” 38o 56’00” 35 5 40 
Dirfa 15o 17’ 00” 38o 56’15” 25 5 30 
Felik 15o 16’ 45” 38o 55’45” 20 0 20 
 
Source: Field survey, 2001. 
 
 
 
 
 
 
Table 1.1B 
Location of sampled villages and number of sampled households in the Sheab 
study area 
 
GPS Reading Number of Sampled Households            
Sample 
Village 
Latitude Longitude Male-headed Female-headed 
Total 
Mensheab 15o 51’ 47” 39o 02’08” 20 5 25 
Bises 15o 51’ 52” 39o 00’00” 15 0 15 
Erem 15o 51’ 47” 39o 02’15” 15 5 20 
 
Source: Field survey, 2001.                                                                           
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natural environment. The methodological approach used in cultural ecology also helped 
the research process to see whether the various forms of human-environment interactions 
initiate internal social transformation of evolutionary changes. 
This dissertation is organized as follows: The theoretical context for this 
dissertation and an outline of the pastoral system are discussed in chapter 1. Chapter 2 
presents the background information on the State of Eritrea and on the study sites 
selected for this research. The chapter comprises ethnographic and ecological aspects of 
the Tigre and the Hidareb pastoral groups. Chapter 3 discusses the demographic profile of 
the target groups as well as the household morphology and the labor structure of the 
sampled population. In chapter 4, I describe the herd dynamics with special emphasis on 
the aggregate changes of livestock possession across different climatic phases. Chapter 5 
is devoted to an examination of the traditional livestock management techniques, which 
document the various coping mechanisms, adopted by the pastoral groups during food 
stress periods. Chapter 6 assesses the performance and efficiency of livestock market 
system and the pattern of wealth differentials in the pastoral communities. The last 
chapter presents the concluding remarks.  
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CHAPTER TWO 
BACKGROUND TO THE STUDY AREAS 
 2.1 Eritrea 
 Eritrea, an independent state in Africa, is bounded by Sudan to the north and west, 
the Red Sea to the east and northeast, Djibouti to the southeast, and Ethiopia to the south 
(Fig. 1). The country occupies a geopolitically significant location because of its coastline 
along the strategic Red Sea. It covers an area of 121,144km2 (46,774mi2), with two major 
physiographic zones identified as highland and lowland. The elevation ranges from below 
sea level in the southern arid region to over 3000m (9525ft) in the central highlands. 
Because a national census has not been conducted, there is no precise data regarding the 
country’s population size, but FAO (2000) gives an estimate of 4.1 million, which would 
put the population density at 34 persons per km2 (89 persons per mi2). As is typical of 
developing countries, the population is young, with an estimated 80 percent living in the 
countryside. Given the current natural increase rate of 3.0 percent, twenty-four years 
would be required for the population to double (writer’s own computation). 
Eritrea comprises nine ethnic groups, of which the Tigrigna and Tigre are the 
largest, constituting 50 and 31 percent of the total population, respectively (UNICEF 
1994). The rest of the population is made of up Afar, Bilen, Kunama, Saho, Naro, and 
Rashaida, found scattered mainly in the eastern and western lowland regions. These 
ethnic groups differ in language, customs, and dress. The people adhere to two major 
religions, Christianity (Orthodox, Catholic, and Protestants) and Islam each constituting 
roughly half of the total population. Animism (the belief in spiritual beings) as a form of 
tribal religion is virtually nonexistent in the country. 
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Figure1 Map of Eritrea showing the location of the study areas (Source: Produced from 
Environmental Systems Research Institute database 2001). 
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2.1.1 History   
As a result of its strategic location along the sea route between Europe and Asia, 
for most of its history Eritrea has been a victim of expansionists and colonizers, including 
the Ottomans, Egyptians, Italians, and Ethiopians. The country suffered invasions from 
Bejas, Turks, and Egyptians beginning from the early to medieval periods. With the 
opening of the Suez Canal in 1869, the European powers showed increased interest in the 
region, resulting in the formation of the first Italian colony.  The Italians captured the port 
town of Massawa in 1889 with the aim of establishing a permanent place of residence for 
their settlers. They invested heavily in Eritrea, viewing it as a staging area for further East 
African conquest (Connell 2001). Land with high potential for agriculture was 
confiscated from the indigenous population and transformed into large-scale commercial 
farms owned by Italian entrepreneurs. After the British defeated the Italians in 1939, the 
country was put under the British military administration from 1941 through 1951. This 
was the time of increased popular uprising among the Eritrean people for independence. 
Despite the call for a free nation, however, the United Nations adopted a resolution in 
1952 that brought an end to autonomous administration, and this was followed by 
Ethiopian annexation of the territory. The armed struggle for independence began in 1961 
after years of peaceful protest against Ethiopia’s violation. In 1993, Eritrea became a 
fully independent state and was admitted to full membership in the United Nations as the 
182nd member nation. 
2.1.2 Physical Setting 
The landmass of the country reveals varied features that include mountain ranges, 
deep gorges, plains, and sandy offshore islands. It is divided into four main topographic 
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regions: the Red Sea coastal plain; the south central highland; the hill country of the north 
and mid-west; and the broad western plains. The Red Sea coast stretches 1200km 
(750mi), and it is from this body of water that the country derived its name (Erythraea, 
Greek for “red”).  
The Amba Soira Mountains are the highest elevation in the central highlands; 
rising to 3,215m (10,207ft), while Danakil in the south has the lowest depression, 120m 
(381ft) below sea level. Characterized by black lava formations, smoking volcanic cones, 
and hot springs, Danakil is one of the hottest places on earth, with daily average 
temperature of 27oC  (81oF) and the highs typically reaching 50oC (122oF). Asmara, the 
capital, is located in the central highlands at an altitude of 2,340m (7,429ft) above sea 
level, which gives it a commanding position from a geographic perspective. The Setit is 
the only perennial river in the country; it forms the common border with Ethiopia. The 
other major rivers include the Gash, Anseba, and Barka, which flow during the summer 
rains and dry up completely for the rest of the year.  
The climatic conditions for most of the country range from semi-arid to arid. The 
eastern lowlands, with elevation between 200 and 600m, have one of the highest annual 
mean temperatures. The western and northwestern lowlands also experience high 
monthly temperatures, especially during the months of June, July, and August. There are 
two major rainfall regimes in the country: “small” and “big”. In the lowland regions,  
rainfall is concentrated in the months of June and July, ranging from 400 to 700mm 
annually. The eastern lowlands receive rain from the continental air mass of Asia 
crossing the Red Sea between October and March. Generally, rainfall declines both in 
amount and intensity from south to north and from the highlands to the lowlands. 
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Figure 2 Major physical features of Eritrea (Source: Negassi et al 2000). 
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            Geologically, the country can be delineated in two distinct regions. The first 
comprises the central and northern highlands, which are made up of the oldest rock 
formation of Precambrian era. The western highlands have a similar formation but are 
mostly covered with Tertiary basaltic flows. The second region consists of the Red Sea 
and the Danakil Depression, which are relatively young, with quaternary sediments and 
volcanic formations. This part of the country is associated with the Great East African 
Rift System that extends from Northern Syria to South Africa. Hot springs are commonly 
found in this part of the country, while the sedimentary formations are associated with 
high prospects for oil, gas, and non-metallic minerals.  
The soils in the northern and northwestern parts of the country are covered with 
xerosols, while the southern and central highlands consist of cambisols. Solonchak, soils 
with high salinity, are mostly found along the coastal regions. Soils with the highest 
potential for agriculture are found in the southern central highlands and southwestern 
lowlands. However, shallowness, which is the result of continuous cultivation and soil 
degradation, is the major constraint to expansion in agriculture. 
2.1.3 Land-Use/Land-Cover 
 The country’s land-use/land-cover pattern is classified into two main categories 
based on climate, geology, soils, technology, and population dynamics (Ghebremusse and 
Habte 2000). The two dominant land-cover features, bush land and grassland, together 
account for about 62.5 percent of the land surface of the country, which shows the 
proportion of rangeland available to grazing and browsing animals (Appendix IIC). 
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One of the striking features of the country’s land-use system is the extent of 
deforestation, resulting mainly from a series of agricultural encroachments. A century 
ago, forests covered 30 percent of the land surface, while today’s coverage amounts to 
only 0.4 percent (National Environment Management Program 1996). The ecological 
equilibrium of the country was first upset in the nineteenth century when thousands of 
hectares of forested land were given as concession to Italian nationals, who introduced a 
modern farming system. Population growth has also generated more need for fuel wood, 
building materials, and other materials traditionally extracted from the forests. The result 
has been growing deforestation, increased erosion, and declining productivity of 
agricultural lands.  
Before independence, there was little attention paid to the reforestation programs 
of the nation. Negassi (2000) estimated that between 1979 and 1991 27,000 hectares of 
land were terraced and planted with varieties of Eucalyptus, including Eucalyptus 
cladocalyx, Eucalyptus camaldulensis and Eucalyptus globulus. These activities were 
mainly carried on through food-for-work programs in collaboration with European 
Economic Commission (EEC) and World Food Program (WFP). Since independence, a 
series of soil and forest activities have been carried out, mainly through local 
communities and student summer campaigns.  
The Eritrean government is currently working closely with several international 
organizations (UNDP and UNEP) on two main recovery strategies, with the aim of 
rehabilitating the forest resources of the country. The first is the closure system, which 
was practiced in the past and is still being practiced, especially along the eastern 
escarpments, although with little success. Potential recovery areas have been designated 
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and closed for a sustained regeneration process for trees and shrub species. The second 
strategy is related to the expansion of social forestry schemes, which involve community 
members at large. Several planners (e.g., Cernea 1989) argue that massive planting of 
trees could be best induced on communal lands, by involving large numbers of people in 
planting, tree protection, and benefit sharing. Accordingly, the government is now 
moving a step forward by allocating lands with trees already established on them to 
individuals with responsibility for caring and become the ultimate owners of the trees. 
Considering the need for planning and management of forest resources, a forest cover 
map was prepared at a scale of 1: 250,000 in collaboration with FAO. Based on 
physiognomy (appearance), structure and floristic composition, and standard 
classification methods, the extent and type of forest resources were classified into eight 
major groups (Appendix IID). 
2.1.4 Economy and Social Amenities  
An estimated 80 percent of Eritrea’s population is rural, directly depending on 
land resources for its livelihood. The natural increase of the population is 3.0 percent per 
annum, with estimated birth and death rates of 43 and 13 per thousand, respectively         
(National Statistics Office 1997). Like most of its neighbors in sub-Saharan Africa, 
Eritrea is a pre- industrial agrarian society where agriculture accounts for the major 
proportion of total employment.  The country has a per capita income of 210 USD, with 
one of the lowest levels of debt in Africa (World Bank 1999). A report by the 
International Monetary Fund (IMF) on the economic situation of the country reveals that 
in 1996 the contributions to the GDP (gross domestic product) by agriculture and 
industry components were 27.4 and 9.8 percent, respectively (IMF 1997). 
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· Health and Education 
Eritrea’s literacy rate is estimated at 20 percent (UNICEF 1994), which is one of 
the lowest in sub-Saharan Africa. The primary school enrollment is as low as 48 percent 
of those eligible, with a considerable discrepancy between urban and rural populations 
(FAO 2000). The need for a skilled manpower in the various sectors of the economy is 
filled through increased primary and secondary education enrollment, new vocational 
schools, and through education at the tertiary level. As a result, net enrollment in primary, 
middle, and secondary education increased substantially between 1991 and 1998. 
The distribution of medical services is a disproportionate in Eritrea, with a high 
concentration of hospitals and other medical establishments in a few urban centers. With 
a national estimated ratio of 19,000 people per physician, a considerable proportion of the 
Eritrean population still has no adequate access to primary health care (Woldemichael 
1996). Immunization coverage for children under one year of age is also low: BCG 
against tuberculosis has been estimated at only 44 percent, with coverage for DPT-3 
(diphtheria, cough, and tetanus) and for measles at 35 percent and 29 percent, 
respectively (Ministry of Health 1999). The country is currently implementing a “Basic 
Health Services” strategy with the aim of strengthening lower-level health units and 
expanding preventive activities. The health care system has been restructured with the 
aim of providing services to the disadvantaged rural population.    
Data on demographic details and nutritional status are virtually absent. The 
Ministry of Health (MoH) has, however, conducted a sample survey to determine the 
mortality and morbidity status of the population. The findings showed that malaria is the 
leading cause of death, accounting for 18.3 percent of all deaths in hospitals and health 
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centers, followed by respiratory infections, 13 percent. A study report by the National 
Statistic Office (NSO) estimated the country’s birth and death rates at 4.7 percent and 1.8 
percent, respectively (NSO 1995). This yields a natural increase rate of 2.9 percent.  
· Agriculture: The Mainstay of the Economy 
 Farming and pastoralism are the mainstay of the economy, providing livelihood 
for the largest segment of the Eritrean population (Tesfagiorgis 1993). Agriculture is 
predominantly rainfed and is widely practiced in the central and southwest lowlands. The 
crops produced include barley, wheat, maize, sorghum, pulses, oilseeds, sesame, fruits, 
and vegetables. Due to the problems associated with aridity, only 25 percent of the land is 
suitable for agriculture, of which a mere 14 percent is actually under cultivation 
(UNICEF 1995). Even in years of good rains, Eritrea experiences food deficits that are 
bridged with imports (FAO 2000). Livestock economy is practiced along with 
subsistence farming, as animals provide protection against household food insecurity.   
 The complex nature and spatial variability of land tenure systems in the country 
is well referenced in the literature (e.g., Zekarias 1966; Ghebremedhin 1989). There are 
three types of land tenure systems, each reflecting different mode of ownership: village 
ownership (diessa), kinship ownership (risti), and state ownership (demaniale). In the 
diessa system, village elders (shimagle) administer each rural community and elect a 
village judge (chiqa). Plots of farmland are re-distributed every seven years, a mechanism 
practiced to accommodate a fair distribution of different levels of soil fertility among 
holdings of community members. During the past few years, a transfer of ownership has 
taken place, shifting from family ownership (the risti system) to community control (the 
diessa system). Accordingly, re-distribution of farmlands has taken place, giving the 
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unmarried and widowed rights to ownership. This has drastically changed the long-
standing traditions that made women economically dependent on their relatives. Under 
the new system of land tenure, at the age of 18 years any married member of the 
community is entitled to a share of farm plot, locally known as gibri. 
· Livestock Economy 
 The great majority of people in the lowland regions of the country depend on 
livestock, which play an important part in the material lives of the pastoral communities. 
Livestock also hold crucial cultural importance, as animals are sign of social prestige and 
are indicative of a person’s economic status in a society. The various roles of livestock 
are simultaneously important; the common practice by several researchers of 
emphasizing a particular role over the others can lead to misleading characterization of 
the factors influencing the accumulation, exchange, and management of domestic 
livestock (Cossins 1985; Taylor 1992; Turner 1999). 
· Industry  
As Kellion (1996) observed, Eritrea was an ideal site for the colonial strategy of 
expanding sources of raw materials and markets for the metropolitan industry of Italy. In 
the 1940s and 1950s, the country had a highly developed industrial base, by the standard 
of other African colonies of the time, which led it to a radical transformation in terms of 
urbanization, infrastructure, and industrialization. This period transformed Eritrea’s 
society and economy from its overwhelmingly rural and traditional base to one with a 
significant urban and industrial component. Kellion (1996) noted a transformation to 
industrialization that occurred in two stages. The first stage involved the Italian 
invasion of Ethiopia, which made Eritrea a transportation center for the Italian East 
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African Empire; the second stage involved the British conquest of Eritrea and the rapid 
development of light industrial economy. 
2.2 Tigre and Hidareb as the Study Communities: Kerkebet Study Area                                                      
Kerkebet in the pure-pastoral region of northwest lowlands is one of the two sites 
selected for this study. It is one of the ten sub-regions in the Anseba administrative zone, 
bordering Selaa sub-region to the north, Gash Barka region to the south and west, Asmat 
and Halhal sub-regions to the south and east. It covers a total area of 9,870km2        
(3,810mi2). The study site is located 350km (219mi) to the northwest of Asmara, the 
capital. The area is transversed by Barka, a major river system in the country, and by 
other smaller streams including the Sawa, Himbol, Kerkebet, Hawashait, and Ailet. 
Kerkebet is extremely degraded and suffers from a high degree of environmental 
constraints, including water scarcity, pastureland shortage, and one of the harshest 
climates in the country. The region is made up of nine local administrations with an 
estimated total population of 23,000 (Ministry of Agriculture 2000). Three sampled 
villages, all located in the same agro-ecological zone, were selected for the survey in the 
pure-nomadic region of northwest lowland. The localities under study also reflect 
similarities with respect to demographic pattern and community organization. 
2.2.1 The People 
 The northwest part of Eritrea, similar to the eastern lowlands, is characterized by 
cultural and linguistic diversity. In the past, the lowlands adjacent to the Red Sea were 
invaded by waves of Hamites and Caucasians from Saudi Arabia who later moved to the 
western lowlands of the country, forming the Beja and Bin Amer tribes (Salzman 1982). 
The Hidareb, a group who currently occupies the study area, are descendants of the Beja 
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tribe. The other major ethnic group is the Tigre, which is part of the Central 
Cushitic/Semitic language group, found scattered in various parts of the country. 
2.2.2 Physical Setting 
High temperatures and irregularity in precipitation characterize the climatic 
conditions in the Kerkebet study area, which imply factors of unpredictability affecting 
vegetation growth. The area suffers from extreme aridity with mean annual rainfall of 
200mm, which is received during the months of July and August. Temperatures are as 
high as 42.5oC (114oF) in May and June. The area has suffered from an intense degree of 
deforestation as it is scarcely vegetated with the exception of thick riverine vegetation 
along the riverbanks. Physiologically, two main landform systems are recognized: the 
mountain ranges and dissected plateaus in the east and northeast and the vast plains in the 
rest of the region. In the past, the area is believed to have had high potential for crop 
cultivation; part of which had been intensively cultivated with cotton during the Italian 
occupation of Eritrea from 1890 through 1941 (Ministry of Agriculture, 1997). Three 
main types of soils are identified in the study region (Fig. 3). The southern and 
southeastern portions are covered by lithosols, which represent the main pastureland  
in the study area. Cambisols cover mostly the barren portion in the north and northwest  
while, fluvisol are found widely in the west part of the study area. Rainfall is the major 
constraint; in spite of the high potential these soils have generally for crop production. 
2.2.3 Household Economy 
Livestock rearing is the main stay of livelihood for the population inhabiting the 
Kerkebet area. The livestock population predominately consists of small stock, though 
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    Figure 3 Soil map of Kerkebet study region (Source: Ministry of Agriculture 2001). 
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cattle and camels are also found in large number. The traditional pastoral production is 
characterized by long distance seasonal migration and is highly constrained by multiple 
factors most notably, the erratic nature of rainfall. Due to the climatic limitations (e.g., 
the absence of precipitation), almost no farming is practiced in the area. Recently, 
however, the pastoralists have started diversifying their economic base through the 
introduction of horticulture and sorghum cultivation in the Amalait, Hameshdiba, and 
Himbol localities. In addition, potential areas have been designated and closed 
temporarily to guarantee a sustained regeneration process of trees and shrub species 
(Fig.4).  
2.3 Tigre and Rashaida as the Study Communities: Sheab Study Area    
Sheab is one of the ten sub-zones in the North Red Sea (Semenawi Keyih Bahri) 
administrative region bounded by Afaabet in the north, Gindae in the south, the Red Sea 
in the east, and Anseba region in the west. It covers a total area of 5,210km2 (3,259mi2) 
with elevation ranging from less than 100m (317ft) above sea level along the Red Sea 
coast to 210m (667ft) above sea level near the foot of the eastern escarpment. The study 
site is located 110km (69mi) to the northeast of Asmara, the Capital City, and 85km 
(53mi) to the north west of Massawa, a major port along the Red Sea coast. The study 
site is located 110km (69mi) to the northeast of Asmara, the Capital City, and 85km 
(53mi) to the north west of Massawa, a major port along the Red Sea coast. 
2.3.1 The People 
The Rashaida who currently inhabit the eastern and southwestern lowlands of 
Eritrea were originally immigrants from neighboring Yemen (Trimingham 1976).  
They can scarcely be distinguished from Arabian tribes and usually keep themselves 
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 Figure 4 Production map of Kerkebet region (Source: Ministry of Agriculture 2001).
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distinct from the other ethnic groups. The Rashaida are mainly herders of camels and 
goats, but they are also good cultivators, in contrast to the other pastoral groups in the 
area. They are divided into three main kinship groups: Zinenu, Barasa, and Baratik; a 
fourth group of fishermen called the Jahidin occupy the islands north of the Dahlak 
archipelago. The Rashaida people live scattered about in small groups with their goats 
and camels and remain an Arab tribe in terms of language, dress, and custom. The men 
wear white cotton dress called jubba and a hat called kofiya while, the women veil their 
faces completely.  
Tigre is the other tribe in the study area. These are transhumance herdsmen 
historically possessing both a ruling caste and a serf caste; serfs received the right to use 
their masters’ land in return for services rendered. According to the legends of saints, the 
process of Islamization that took place among the Tigre group transformed the pagan 
tribe into a new Islamic community (Trimingham 1976). 
 At present no reliable population and housing census data is available for Eritrea. 
In 1984, the Ethiopian government attempted to conduct a population sample survey, at a 
time when a large portion of the country was under EPLF (Eritrean People Liberation 
Front) control. The information gathered was incomplete and not truly representative for 
an appropriate demographic analysis. In 1998, a demographic survey was undertaken by 
the Ministry of Agriculture, which put the total population of Sheab sub-zone at 27,907. 
There were 5,153 households each with an average size of 4.5 persons. The sex 
composition of the population for the same year showed those females slightly out-
numbered males in a sex ratio of 106.3 females to 100 males. 
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2.3.2 Physical Setting 
 The geological formation of the Sheab study area ranges from quaternary to 
recent alluvial deposits (Hadera 2001). The area under study contains a relatively 
homogenous set of climate, landform, and soil characteristics reflecting constraints and 
potentials for agriculture. The precipitation gradient (most falls between January and 
March) is about 220mm annually, and the seasonal concentration of precipitation in the 
adjacent highland is so high that it often causes serious floods in the lowland. The climate 
is hot, with mean annual temperatures ranging from 25oC (77oF) to 30o C (86oF).  
Based on the models developed to determine the agro-ecological zones of the 
country, the study area is characterized as arid. This is compatible with Jahnke’s (1982) 
classification of agro-ecological zonation for the pastoral regions of sub-Saharan Africa. 
Two broadly defined physiographic regions are recognized in the area. The first 
comprises a flat topography with slopes ranging between 0 and 2 percent, while the other 
consists of gently undulating pediplanes separated by seasonal streams. In general, the 
terrain of the area includes alluvial plains, hills and loess plateaux, and mountains. 
Soil characterization for Sheab agro-pastoral area is based on both the World 
Soil Map and the updated classes of the Revised Legend of the FAO’s Soil Classification 
for East Africa (MoE 1998). Phases including lithic, stony, and saline were also found to 
be important indicators regarding the assessment of land capability and its potential use. 
The soil type is cambisol by classification and sandy in texture, with a PH value of 7.2 
(Hadera 2001). The soil depth in some portions of the area reaches 3m (9.5ft), which is 
the result of silt accumulation from the highlands, making the drainage class potentially  
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appropriate for spate irrigation. The erosion hazard is minimum in the area due to the 
absence of mountains and hills as potential causes of runoff. 
· Land-Use and Land Cover 
 The information used to describe the land-use patterns of the study site was 
obtained from Sheab MoA document and from the author’s own field observation. The 
major land-use types are grouped under cultivated land, grazing land, homesteads, and 
bare land. Analysis showed that the largest portion of the agro-pastoral area is under 
cultivation (37 percent), followed by land under grazing and browsing (28 percent). The 
area is extremely deforested and suffers from a high degree of land degradation. 
Important tree species include meki, gabba, and sagla, which are mainly used in the 
construction of traditional diversion canals. 
2.3.3 Household Economy  
The dominant production system in the eastern lowlands of Eritrea is agro-
pastoralism i.e., the growing of crops and rearing of animals simultaneously. Crop 
production is carried out primarily using spate irrigation where rainfall from the 
highlands provides seasons of flood. Sorghum and maize are the main crops; they are 
grown primarily to meet the subsistence needs of the local people. Yield per hectare is 
low and highly susceptible to variations in rainfall. Livestock occupies a place of 
significant importance in the economic and social lives of the people in the study area. 
Cattle are kept as draught animals in the farming system. Camels are used mainly to carry 
people and goods during seasonal movement between the highlands and the lowlands. 
Small ruminants such as sheep and goats serve as assurance for generating cash income 
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during times of food stress. In addition to their economic importance, livestock in the 
eastern lowland study area are frequently used in social ceremonies related to marriage.    
Health services are being provided to the local people in the study area through 
two health centers. The facilities and personnel are clearly inadequate to serve the health 
needs of the over 27,000 people in the area. However, improvement has been made over 
the last few years through construction of new medical facilities. Although complete 
records were not available, personal communication with health workers revealed tha t the 
community suffers from a variety of diseases, including boils, tonsillitis, respiratory and 
urinary tract infections, eye diseases, and skin diseases. 
 Both the number of schools and student enrollment rate in the Sheab are believed 
to be the lowest by standard of other sub-zones in the Northern Red Sea administrative 
zone (Appendix IIB). There are five primary schools with a total enrollment of 1864 
students. Based on the results of the questionnaire survey, the literacy rate in the area was 
found to be 23 percent, which is slightly higher than the national level, which is 20 
percent (UNICEF 1994).  
2.4 Conclusion 
 Traditional grazing along with sporadic cultivation of several crops is the main 
source of livelihood for the people inhabiting the lowlands of Eritrea. These regions form 
an agro-ecological zone (AEZ) with definable landform, soil, vegetation type, and mean 
annual rainfall and temperature, reflecting homogeneity in terms of constraints and 
potentials for agricultural development (Ministry of Environment 1998). Moreover, the 
people inhabiting these regions reflect similarities in their demographic pattern and social 
network. With respect to natural vegetation, the dry lands of the country are extremely 
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degraded and suffer from a high degree of land degradation. Scarcity of water and 
pastureland and the harsh climate are serious ecological problems that compel people to 
migrate seasonally to places with better resource base.  
The Tigre, the Rashaida, and the Hidareb herders, whose livelihoods are almost 
wholly dependent on livestock and livestock products, are the main social groups selected 
for this study. The pure-pastoral groups occupy the northwest and the extreme south 
portions of the country and follow a nomadic lifestyle, relying wholly on the ecological 
conditions that provide the necessities of life for their livestock. The agro-pastoralists, on 
the other hand, occupy vast territory in the western and eastern lowlands and adopt a 
diversified mode of economy, as they depend on both crop cultivation and animal 
rearing. The areas selected for this research project were appropriate to the objectives of 
investigating the cultural and the ecological aspects of pastoralists in Eritrea. There were 
also specific advantages with working among the Tigre, Hidareb, and Rashaida 
populations. First, the target groups possess both the small stock and large stock animals 
(though the proportion between the species vary in the study areas), which made it 
possible to understand the dynamic changes in herd size and herd composition as well as 
the relationships of livestock species to pastoral adaptation. Second, the research laid the 
basis for investigating the management techniques utilized and the coping mechanisms 
adopted by the local people during climatically stressful periods. Finally, studying those 
pastoral groups who depend mostly on extreme nomadism (e.g., Tigre) and those with a 
diversified economy (e.g., Rashaida) helped me to analyze how the trend towards market 
integration may intensify economic polarization.  
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CHAPTER THREE 
DEMOGRAPHIC PROFILE, LABOR FORCE AND HUMAN WELFARE 
3.1 Introduction 
 Ganon (1975) stressed the importance of understanding the demography of both 
human and livestock populations, given the various phases of relationships between 
pastoralists and their ecology. Ganon’s emphasis was mainly on the natural environment, 
while other writers (e.g., Meir 1986) underline the necessity for studying nomadic 
populations from the perspectives of social dynamics. One of the dominant processes 
taking place within the pastoral system is sedentarization, which is having a considerable 
impact on the demography of the herders. In Eritrea, for example, the gradual 
transformation of the pastoralists to agriculture has resulted in a different population 
structure, which in turn has impacted the local people’s relationship with their ecology.  
 The research on the demography of the sampled groups centered on the household 
morphology, labor input for managing the livestock economy, human welfare, and 
material culture. Attempt is made to explore how the transition to a more settled lifestyle 
on irrigated agricultural fields and the practices of polygynous marriages shaped the 
demography of the sampled households. Moreover, human welfare in the context of food 
type consumption and disease intensification is discussed as this impact the well-being 
and survival of the pastoral communities in the study areas. 
3.2 Demographic Structure of the Sampled Households  
3.2.1 Household Morphology 
A nomadic household is a small and task-oriented social unit forming a group of 
people closely associated with a herd complex; sharing common features including 
 48 
 
 
 
 
 
consumption and mode of settlement (Wienphal 1984). The most basic household 
morphology in the study areas consists of a man, his wife (wives) and their children, 
although it may also include additional individuals, both relatives and non-relatives.  For 
the Tigre or the Hidareb nomadic herders, a household is a remarkable social entity 
because of its categorically unique network of human relationships. Members of a 
household produce food for their own consumption, practice herd diversification, and 
make use of the spatial diversity of their ecology to ensure survivability. The household 
unit is also an essential component of a community structure at large, which is well tied 
with other similar households in a network of social bonds.  
In the context of Tigre and the Hidareb social groups, childbearing has enormous 
cultural implications, most often entailing a significant mandatory process of 
socialization. There are strong inclinations among both men and women for having as 
many children as possible, with no preference of one sex for another. One of the 
interviewed household heads responded to a question on how many children he may wish 
to raise: “I wish I would fill the whole world with my sons and daughters.” The herders 
perceive a larger family as an indication of physical strength (i.e., protection from 
enemies) as well as social security during old age. All the interviewed household heads 
(N = 150) were neither aware of any contraceptive method nor willing to practice 
contraception.  
 In accordance with the Tigre and Hidareb culture, a mother takes care of her 
young children, but when she is out to fetch water or to collect firewood, he r oldest 
daughter usually looks after the kids. It is also common to see mothers carrying their 
infants in social gatherings such as at the marketplace. In the pastoral community of the 
 49 
 
 
 
 
 
study area, a household unit is also a means of acquainting children with the world of 
livestock while they are young, as they crawl around the animals and gradually become 
active members in herding. 
· Age and Sex Structure 
Age and sex are the most basic attributes of population characteristics, as different 
proportions of males and females in various age groups have considerable impact on the 
demographic and socio-economic situation of an area. Tables 3.1A and 3.1B show the 
population distributions of the sampled households by age and sex. 
Population whose demographic structure is not disturbed by inward or outward 
migratory movements or violent changes in birth or death rates, the age distribution tends 
to be smooth (Shyrock 1964). This implies that under normal circumstances, the 
proportion of persons in each successive age group is less than the preceding age group. 
The tables above contain some discrepancies regarding the age distributions of the 
sampled populations in both study areas. For example, in the Kerkebet site, the 
proportions of males in the age groups 25-29 and 35-39 were found to be remarkably less 
than the proportion for females for the same age groups. Similarly, disproportionate 
distributions in the number of males and females were observed for the age groups 20-24 
and 35-39 in the Sheab study area. 
Some types of demographic information on the sampled households were lacking 
partly because of the difficulty of enumerating them. In the absence of such documented  
evidence on migration, mortality, and other vital statistics, I found it difficult to  
adequately examine the changes in the demographic situation of the target groups. But 
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Table 3.1A 
Age and sex structure of the sampled population in the Kerkebet study area 
 
        Males         Females          Total                      
Age-group Number % Number % Number % 
0-4    16   8.1    32 15.1    48 11.7 
5-9    25 12.6    29 13.8    54 13.2 
10-14    23 11.7    29 13.8    52 12.7 
15-19    24 11.8    15   7.1    39   9.6 
20-24      9   4.6    18   8.5    27   6.6 
25-29      2   1.1    16   7.6    18   4.4 
30-34      5   2.6    24 11.3    29   7.1 
35-39      5   2.6    12   5.7    17   4.2 
40-44    14   7.1    13   6.2    27   6.6 
45-49    19   9.6      8   3.8    27   6.6 
50-54    20 10.1    11   5.3    31   7.6 
55-59      6   3.0      2   0.9      8   1.9 
60-64    17   8.6      1   0.5    18   4.4 
65-69      9   4.6      1   0.5    10   2.5 
70-74      2   1.1      0   0.0      2   0.6 
75+      1   0.6      0   0.0      1   0.3 
Total  197  100  211  100  408  100 
 
Source: Compiled from the household questionnaire, 2001. 
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Table 3.1B 
            Age and sex structure of the sampled population in the Sheab study area 
 
        Males         Females          Total Age-group 
Number % Number % Number % 
0-4     26 17.1     25 16.0     51 16.6 
5-9     21 13.7     22 2.9     41 13.3 
10-14     18 12.4     18 11.1     36 11.7 
15-19     17 10.9     14 8.6     30   9.7 
20-24      5   2.7     11 6.9     15   4.9 
25-29      4   2.1     12 7.4     15   4.9 
30-34      4   2.1     14 8.6     17   5.5 
35-39      5   2.7     14 8.6     18   5.8 
40-44      6   4.1     10 6.2     16   5.2 
45-49     10   6.8       8 4.9     18   5.8 
50-54     14   9.7       7 4.4     21   6.8 
55-59     12   8.2       5 3.1     17   5.5 
60-64      6   4.1       2 1.3       8   2.6 
65-69      4   2.7       -    -       4   1.3 
70-74      1   0.7       -    -       1   0.4 
75+     - -       -     -       -   - 
Total  154 100   162 100   316 100 
  
Source: Compiled from the household questionnaire, 2001. 
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some facts stand out clearly from the preceding discussion as well as from the writer’s 
own observations during the field survey. During periods of food stress, even mild stress, 
some members of the pastoral community practice temporal migration. Such migrations 
involve, to a greater extent, young males who move periodically to the nearby urban 
areas looking for employment opportunity. Thus selective out-migration in the 
1999/2000-drought season could explain the extremely low proportion of males in the 
age groups 25-29, 30-34, and 35-39. The uneven distribution could be attributed also to 
reasons like upward age shifting or mis-enumeration on the side of the respondents, as a 
reflection of their educational level. As pointed out by Hill (1985), pastoral nomads 
provide statistics that are often inaccurate and require extensive crosschecking.  
· Sex and Dependency Ratios 
 The sex ratio is the proportion of males to females, expressed as the number of 
males for every 100 females (i.e., number of males/number of females * 100). A study 
finding suggests that under normal circumstances the sex ratio will decrease from high to 
low with increasing age (Shyrock 1964). The sex ratios for some of the age groups in 
both study areas, however, showed considerable deviations from the average pattern. For 
example, exceptionally low ratios were found for the males aged 20 to 39 years in the 
Kerkebet study site due to the selective out-migration that caused discrepancies in the 
computations of sex ratios. Traditiona l gold extracting activities in the neighboring sub-
zone of Salaa (Fig. 1) are an intervening opportunity to many of the young male herders 
in the area. From the standpoint of economic well-being, Salaa is a pull factor, as it 
brings the young generation more prospects of wealth than could be earned from herding. 
Demographically, this has created an age-sex distribution pattern that is not smooth. The 
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high sex ratio in the age groups between 40 and 54 is difficult to explain, as there was no 
evidence of mass exodus and/or high mortality rates specific to the females. A similar 
pattern was also observed for the Sheab study area, as age-group specific sex ratios 
showed that females slightly outnumbered males. In general, deviations from the normal 
demographic structure for specific groups were due to male out-migration, while 
misreporting of ages by several respondents may also have contributed to the 
discrepancy.  
A given population is generally divided into productive and dependent groups. 
The dependency ratio is the ratio of persons in the dependent age groups (i.e., under 15 
and over 64 years) to those economically productive ages (i.e., 15 to 64 years) in a 
population (Kenneth and Ginn 1986). I calculated dependency ratios of 69.3 percent and 
72.6 percent for the Kerkebet and the Sheab study sites, respectively. I found defining the 
productive sector of the pastoral society based on strict age limitation to be less accurate 
because some of the children below age 15 form part of the economically active 
household labor structure. Of the total population of the sampled households, 25.2 
percent were age 5 to 14 years, and most of these were productive, working as unpaid 
family members (Tables 3.1A and 3.1B). It must be noted; therefore, that the true 
dependency load for the population under the study is much less than what is shown by 
the statistical procedure. 
3.2.2 Household Size and Literacy Status  
The household sizes for the sampled populations varied from one to nine 
members.  Mean household sizes of 4.53 and 5.33 were computed for the sample 
populations of Kerkebet and Sheab, respectively. The lower size for the former may be 
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attributed to the nomadic lifestyle, which requires constant movement of the herder along 
with his herd, resulting in less fertility (personal communication with the local 
informants). There are also significant variations in the distribution of household sizes 
between the target groups surveyed. For example, the number of families each with four 
or less members accounted for 54.4 percent of the total households surveyed in the pure-
pastoral area, while the corresponding figure for the agro-pastoral area was 33.6 percent 
(computed from the database established for the study areas). In addition to the evidence 
gathered through the questionnaire survey for this research, other findings have suggested 
that nomads have lower natural increase rates than do sedentarized populations (Awad 
1962; Capot-Rey 1962; Prothero 1972). The local people’s perception that 
sedentarization causes higher morbidity and mortality rates was not supported by the 
evidence gathered during the field survey. By contrast, the findings suggest lower 
mortality rates for the sedentary population than for the nomadic pastoralists.  
· Literacy Status   
Table 3.2 shows the age category, religion, and literacy status of the respondents 
for both study sites. Sampled household heads were distributed proportionately with 
regard to age category, as both young and old respondents were included, giving the 
sample a fairly reasonable representation of the pastoral community. With respect to 
religion, the areas under the survey were wholly Muslim dominated, with no respondent 
belonging to Christianity or traditional religion. 
Across the pastoral communities surveyed, the literacy rate was found to be low, 
with only 20 percent of the respondents having some formal education (Table 3.2). A 
certain level of literacy seems to be required for a nomadic society to move toward 
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modernity and away from subsistence economy. As a result, the government is currently 
moving ahead with an ambitious program aimed at expanding school enrollment of 
children in the pastoral regions of the country. It has also launched a program aimed at 
enhancing enrollment by setting up low-cost boarding schools. The number of primary 
schools has substantially increased since the country won its independence in 1991, but 
the impoverished communities and low-income families find it extremely difficult to 
educate their children. The demanding nomadic mode of production that requires the 
participation of the household members, including school-age children, in the various 
activities all year round is a major difficulty. In addition, mobility, harsh climate, and 
remoteness from the main development centers have always stood as constraints to the 
provision of modern education in the areas surveyed. Besides the ecological hindrances, 
the problem also stems from the nomads’ obsolete way of life and cultural conservatism: 
most were reluctant to educate their children beyond primary school. 
The information made available by the Ministry of Education revealed the 
imbalance in the proportion of children attending primary schools: more children from 
the agro-pastoral area go to school than do children from the nomadic region. The 
difference in school enrollment between the two target groups is attributed to two factors. 
First, the proximity of Sheab to major towns, including Massawa and Gindae, has 
inspired the promotion of education among the transhumance pastoralists in the area. 
Second, the fact that agro-pastoralism allows for a semi-permanent settlement for most of 
the year gives many households the opportunity to send their children to school. By 
contrast, for the pure-pastoral region of northwest Eritrea, the remote location from the 
major urban centers and the high labor pool required for herding are limits to education. 
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              Table 3.2 
Profile (percent) of respondents by age, religion, and literacy status  
 
Category Kerkebet (PP) Sheab (AP) 
Age category   
Twenties 0 0 
Thirties 8 5 
Forties 32 18 
Fifties 25 25 
Over fifty-nine 25 12 
Religion   
Islam 90 60 
Christianity 0 0 
Traditional 0 0 
Literacy status   
Formal education 14 15 
None 76 45 
 
             Source: Compiled from the questionnaire survey, 2001.  
             PP = pure-pastoral; AP = agro-pastoral 
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           In addition to the public schools, a few private schools run by Catholic 
missionaries in the Muslim-dominated areas of the eastern lowland provide students with 
free education, food, and shelter (personal communication with a local informant). The 
majority of the interviewed household heads, however, stressed the need for quran 
education (traditional schools for Muslims) for their children before they go to a modern 
school. The primary level of quran takes two to three years to complete, which is partly 
the reason why most students have high mean age during their primary school 
enrollment.  
An important aspect of the education-demography link deals with parental 
decisions about which children should enroll in school. The evidence from the survey 
data indicated that there was no clear discrimination between sexes at the primary school 
level. However, the proportion of female students going for higher education (i.e., junior 
high and senior high school) was extremely low, which suggests that culture-specific 
patterns may influence parental decisions concerning female education at this stage. An 
interesting aspect of education in the pastoral areas is the way several researchers have 
attempted to establish a link between literacy rate and high child labor commitments. 
Rigby, for example, concludes, “In contrast to agricultural societies children in pastoral 
societies are heavily and continuously engaged in herding, which is the reason why 
parents are so reluctant to send their children to school” (1985:98).  
3.3 Marital Status  
Marital status is an important variable affecting fertility behavior, particularly 
in cultures like the present study areas that do not use contraceptives. The social network 
of the members is expressed partly through marriage relations within and outside of the 
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community. Polygny is a cultural norm practiced among the Tigre and Hidareb 
pastoralists, with subsequent wives often following the first wife after an interval of 
several years. In the context of a nomadic household, a herder married to several wives is 
not synonymous with co-residence, as each of these wives forms a separate household 
unit. Polygynous marriage is currently showing a declining trend, a phenomenon 
triggered both by a diffusion of new ideas (most often among the young generation) and 
by the overall decline in herd possession, which has prevented some community 
members from having more than one wife. 
3.3.1 Marriage 
Marriage is universal among the selected pastoral groups and begins at an early 
age. Three types of marriage, namely religious, customary, and civil contract, are 
recognized in Eritrea. Religious marriages are indissoluble in principle and are usually 
practiced by people who have a stronger orientation towards religion. Civil contracts are 
common among the educated people, while the majority of the Eritrean people follow 
customary marriage. This traditional parent-arranged type of marriage is widely practiced 
among the members of the pastoral community, with a survey result of 94 percent         
(N = 150) of the respondents experiencing customary marriage. For the rest of the 
interviewed household heads, who were mostly young men, gradual changes in 
perception are leading to marriage decisions without the consent of their parents.  
  Bride-wealth, which may represent a substantial portion of a person’s income, is 
an important component of marriage in the Tigre and Hidareb cultures. The bride price 
carries on a well-defined custom and functions most often as a way to compensate a 
herder for the loss of labor when his daughter leaves the household at marriage. In 
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addition, the bride-wealth that has been possessed through a joint venture between the 
husband and his wife (most often in the form of cattle) forms an original asset for the 
newly married couple. Tsegad, the gift from the bridegroom’s family members (usually 
his father or his brother), consists two camels or eight cows, while the price gifted to the 
bride, betara, (from her family members), consists of a camel or an equivalent of four 
cows. According to the tradition, one of the two camels or half of the cows originally 
received by the bridegroom is handed over to the bride as a sign of good wishes for a 
long lasting marriage. Frequently, this process of primary wealth formation during the 
wedding is also supplemented by gifts from relatives and close friends.  
3.3.2 Divorce 
 In divorce, a pastoral household is dissolved and fragmented into two, one headed 
by the male and the other by the female, unless each gets remarried. Bauer (1977) noted 
that a complete household goes first to a decision where it decides on one of the 
processes involved, i.e., the divorce process or no divorce process. Finally, either two 
partial households are formed, or, if divorce does not take place, the household returns to 
its original state. From the extensive participatory discussions I had with community 
elders, it appeared that marital dissolution among the members of the pastoral groups 
occurs more frequently today than it did in the past. The two main factors leading to 
marriage breakdown, apart from mortality, were found to be drought-induced household 
economic crisis and desertion, the latter more frequently on the male’s side. 
Consequently, the proportion of households headed by females, most of which are either 
widowed or divorced, has shown a slight increase over time. Specific questions on 
marital dissolution were forwarded to ten randomly picked divorced and widowed 
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women in the Kerkebet study site (pure-pastoral). Six of these reported economic crisis of 
the households as a leading cause for divorce, while desertion on the part of the husband 
was mentioned by three of them. Since the primary objective of marriage in the pastoral 
communities, as well as in the rest of the country, is the begetting of children (personal 
communication with informants), there were unreported cases of breakdowns because 
women failed to produce children. 
 Divorce must pass through three phases before reaching rijoe, which is the final 
decision for dissolution between the husband and his wife. In the past, divorce 
settlements were entirely in favor of the male, as the woman was entitled to receive only 
the original assets she brought during the wedding. Such subordination of women 
evolved from long standing cultural practices, which accord social and economic 
supremacy to males. In 1994, the government issued a “New Land Proclamation” which 
laid the foundation for equal treatment of sexes with regard to share of land, livestock, 
and other property. As a result, animal stock, apart from that held privately, is divided 
into two equal parts during marriage breakdowns. Boys stay with their father, and young 
girls stay under their mother’s care until they reach a certain level of maturity, after 
which they decide their own fates. A house is usually kept as the husband’s property, 
while the woman is compensated for this by receiving an asset that worth half of the 
value of the house. In areas where farming is practiced, land is equally divided between 
the sexes, provided that the woman decides to stay in the same locality. In most instances, 
however, a divorced woman does not claim her share of land, disfavoring close proximity 
to her former husband, and hence the male is in a better situation economically after 
divorce takes place.  
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The increased divorce rate evident in the area and the resulting number of female-
headed households has some social and economic implications. Such households are 
characterized by limited access to production factors, which is the result of gender 
differences in the acquisition of land, livestock, and marketing opportunities. The meager 
household income usually forces such households to adopt coping mechanisms that are 
appropriate to the their own economic and demographic characteristics. For example, 
female-headed households tend to pay more attention to poultry, which is more sensitive 
to their unique situation. They also pursue a strategy closely tied to the production of 
small stock, which do not demand high labor input during watering and herding.  
The Ministry of Agriculture (MoA) branch office at Kerkebet has launched a 
project entrusted with the task of identifying constraints and potentials for expanded 
economic opportunities for the targeted group. The project is aimed at creating 
economically self-sustained household units for the females across the areas surveyed by 
providing training and initial capital. The main areas of training include marketing, 
animal feeding techniques, and management of household income and expenditure. 
Twenty-six women so far have been trained in goat rearing, and another twenty in 
poultry.  Each of the trainees receives seven goats and twenty-five chickens upon the 
completion of the training program. Assessment from the year 2000 pilot project showed 
that while the project has shown some promising results, goat rearing has not been as 
successful as anticipated, due to the drought situation of 1999/2000. 
3.4 Labor Force Supply in the Pastoral System 
In the traditional pastoral societies of the Tigre and Hidareb, the work potential of 
a family is one of the key factors that determine the amount of food that can be produced. 
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There are seasonal peak periods during which a shortage of labor may adversely affect 
the efficiency of production. As suggested by Ghosh (1984), variation in the demand for 
labor is one of the reasons that so many operations are not completed in a timely manner, 
with consequent losses of income. In agro-pastoral areas, early sowing may be an 
extremely important factor in obtaining satisfactory results. Delays, on the other hand, 
may cause serious losses. For example, research in Tanzania has indicated that a month’s 
delay in sowing maize may result in a 50 to 80 percent reduction of yield (Arkhurst and 
Reedharam 1975). 
· Household Labor 
Household labor forms the most important component of the labor force, and it 
usually comprises the head of household, his wife, and children. Practically all the 
members of the pastoral community except aged and children below six or seven years of 
age are active participants in the production activities. The share of labor in herding and 
household economy follows a well-established pattern (see Table 3.3). Men generally 
perform activities involving herding of large stock animals, livestock marketing, and 
community decisions, while activities related to household economy such as fetching 
water, firewood collection, food preparation and processing, handicrafts, marketing, and 
child bearing are performed by women. Young children usually do herding in the 
nomadic pastoral area and crop protection in the agro-pastoral region. In certain 
circumstances, some activities are shared commonly without a division of labor between 
household members. For example, as a result of an increased household work burden, 
men today are increasingly engaged in collecting wood, an activity traditionally meant 
for women and children. 
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The survey of the targeted groups showed a marked gender differentiation in the 
primary responsibilities of decision-making. As part of the established tradition, the 
women do not own control over animals, but still they exercise rights over goats and cattle 
allocated to them by their husbands or by their parents during marriage. Women have a 
crucial role to play in the management of milk and meat from all animals. On the other 
hand, they have little or no authority regarding the sale or slaughter of large stock or 
grazing and mobility decisions, which are exclusively men’s roles. They seem, of course, 
to participate in decisions concerning sales and slaughter of goats and sheep, which 
happen more frequently than for cattle and camels.  
The analysis of household labor sharing in the pure-pastoral study area revealed 
increased engagement of women in herding activities, which is a recent trend resulting 
from dynamic change taking place in the household labor structure. Women are 
responsible for herding small stock, while men and adult males are responsible for 
herding cattle and camels. In the past, when labor shortages were virtually absent,  
women’s roles were strictly limited to household economy tasks (e.g., child rearing, food 
processing, and water fetching), while men were engaged wholly in herding. The 
underlying factor that has led to such dynamic change in the household labor structure is 
sex-selective migration for urban wages and other attractions. Such labor shifts clearly  
have implications for development schemes that need to address the increased role played 
by women in the pastoral economies.     
· Collective Labor  
There are several forms of traditional labor sharing that supplement the household 
labor force across the areas surveyed. The main purpose of this collective labor is to help 
 64 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Table 3.3 
Labor share among household members in the Kerkebet study area 
 
            Adult         Children Activity   Head   Wife 
   Male   Female     Boys     Girls 
Type I       
  Herding      x      *      x       x      x 
  Milking      x      x      x    
  Ploughing      x       x    
  Seeding      x       x    
  Weeding       x       x   
  Transporting      x       x    
Type II       
  Fetching water      *      x       x      x      x 
  Collecting wood       x       x   
  Food processing       x       x   
  Livestock marketing      x      
  Handicrafts       x       x   
  House building      x      *      x    
 
Source: Field survey, 2001. 
 x = Traditionally established labor sharing; * = Recently introduced labor sharing 
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alleviate the work burden during the peak farm season and during house construction. 
Two types of collective labor were identified. The first one is keywa, a dominant type 
where a group of ten to fifty persons, consisting of neighbors and close relatives, comes 
together to assist a particular household. This lasts for one day and is most frequently 
needed during house construction or in building flood diversion canals. The women also 
participate in this type of community labor, but their roles are confined to processing 
food and serving coffee to those participating in the work. The second type of collective 
labor is yemum. It is similar to keywa, except that the people who volunteer for the work 
assignment are not approached by the needy person directly; instead they are invited 
through a third party who usually possesses high social status. To a lesser extent, hired 
labor is also exercised, particularly for herding small stock animals. Most frequently, 
children are the ones hired to perform this activity, and they are paid in kind, based on the 
agreement reached before hand.  
3.5 Human Welfare  
The depletion of grazing resources (i.e., scarcity of water and forage resources) 
during crisis periods had resulted in a considerable reduction of herd size across the areas 
surveyed. This has negatively impacted livestock productivity and hence the welfare and 
livelihoods of the pastoralists in the study areas. Human factors, including the elongated 
civil unrest in the country (1961-1991) and the recent conflict with the neighboring 
Ethiopia have further marginalized the pastoralists and their economies. In this section, 
human welfare is assessed in terms of both frequency of food types consumed and 
intensification of diseases over different periods of time.    
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3.5.1 Dietary Composition  
Dietary composition for the sampled households was examined on the basis of the 
frequency of food types consumed in normal and stress period. The types of food 
investigated were cereals/grain, milk and milk products, meat, and vegetables, which 
form the basis for the dietary composition in the areas surveyed. The proportion of the 
respondents who reported frequent consumption of food types (frequently, sometimes, or 
never) across the climatic phases surveyed is shown in Table 3.4. 
During normal periods, the diets of the nomadic pastoralists and the agro-
pastoralists are heavily dependent on meat, milk, and milk products. In times of crisis, the 
consumption pattern drastically shifts to cereals, although a few well- to-do households 
continue to consume meat and milk. As reported by 63 percent of the interviewed 
household heads (N = 60), cereal grains are the main food items for the agro- pastoralists 
during good times, while the proportion is raised to 100 percent in times of crisis (Table 
3.4). Vegetables and fruits are less important than the other food types in the dietary  
composition of the pastoral population, as only a few households were reported to have 
consumed them. Vegetable consumption was least affected by drought situations, with 
only a slight difference in the frequency of consumption between drought periods and the 
onset of the rainy season.  
Drought was found to have a detrimental effect on the food consumption pattern 
of the local people in both study areas. The results of the survey showed that most 
respondents shifted from one type of food to another with a change in the resource 
endowment of their environment. The shift from milk/milk products and meat to cereals 
and vice versa was most pronounced, as milk and meat were highly sensitive to changes 
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Table 3.4 
Frequently of consumed food types (percent) over the climatic phases surveyed 
 
 Study 
Area 
Pastoral 
Category 
Food 
Type  
Pre- 
Drought 
Drought % 
Change 
Kerkebet         PP 
        PP 
        PP 
        PP 
Cereals 
Milk 
Meat 
Vegetables 
  22.3 
100.0 
  93.0 
    0.0 
100.0 
  21.0 
  15.0 
    0.0 
348.0 
 -79.0 
 -83.0 
    0.0 
Sheab         AP 
        AP 
        AP 
        AP 
 
Cereals 
Milk 
Meat 
Vegetables 
  63.0 
  80.0 
  66.0 
    5.0 
100.0 
  25.0 
  10.0 
    8.3 
  58.7 
 -68.7 
 -84.2 
  66.0 
  
Source: Computed from field survey, 2001. 
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in climate. The nomadic pastoralists in the study area were the most vulnerable group to 
environmental- induced changes in diet consumption behavior because of their heavy 
reliance on milk and meat.   
3.5.2 Incidences of Human Disease 
 The most prevalent human diseases surveyed were categorized as 
epidemic/infectious disease, which includes pneumonia, tonsillitis, and urinary tract 
infection (UTI). Urinary tract infection was observed predominantly among the younger 
and older age groups, while boils and tonsillitis affected mostly children aged five years 
and below. During the onset of rain, the most prevalent parasitic/viral disease was 
malaria, which is an acute health problem for all age groups in the study areas. In general 
epidemic diseases such as malaria were intensified during wet season, while other 
incidences of diseases were most prevalent in times of extremely high temperatures. 
Types of preventative measures and treatment of illnesses utilized by the pastoralists 
depend, to a larger extent, on the proximity of temporary settlements to medical facilities. 
Preventative strategies, including vaccination-immunization and eradication of 
vectors such as mosquitoes by the use of insecticide (DDT), were most available to 
people living closer to health centers. The enforcement of hygienic measures such as 
boiling milk, washing hands, use of latrines, and disposal of waste materials was found to 
be weak. For most of the pastoral households, however, the various illnesses were treated 
using ethno-therapeutic methods, local medicines made of herbs and roots. 
3.5.3 Housing Types 
 Housing is a critical component of the cultural fabric of the pastoralists in the 
study areas, and in many respects the structures of the dwellings built are reflections 
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of the pastoralists’ lifestyles. In the northwest part of the country, the traditional pastoral 
dwellings consist of relatively temporary shelters grouped in villages, which are different 
compared to the houses of the farming societies in the central highlands. Each village is 
rectangular in shape and consists of 100 to 150 households. The resources base of the 
area largely determines the materials used in the construction of houses as well as in the 
making of household utensils.  
 One of the interesting features of housing in the study areas is the change 
observed in type and structure of the dwellings, which is part of the dynamic shift in 
material culture the pastoralists have undergone through time. During the field survey, 
three different stages of housing types were recognized in terms of structure and material 
content. The first phase is a typical housing structure for the nomadic population, called 
the albow. Women usually make it and it is designed in a similar way to tent with thin 
poles tied to the ground. The albow is divided into two rooms: a living room with 
multiple functions that include dining and reception of neighbors, relatives, and other 
visitors, and the family bedroom, locally known as the arkay. A wooden bed, wide 
enough to accommodate all family members, is placed in the arkay. The way the 
household members use the bed follows an orderly arrangement. The head sleeps on the 
right edge, and next comes his wife. An infant sleeps beside his mother to make caring 
for babies and small children easier, and the arrangement proceeds with rest of the 
children in a similar fashion, the oldest son or daughter occupying the extreme edge of 
the bed. When a household decides to migrate, the top cover of the albow is removed so 
that it is can be used again to build a similar housing structure in the new location, while 
the thin woods are left behind.  
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The second phase in the dynamics of the housing structure is locally known as the 
maaden, and it was introduced during the Italian occupation of Eritrea between 1890 and 
1941 as improved version of the albow. Its structure and the materials used for its 
construction differ from that of the albow. The maaden is rectangular in shape and is 
made up of acacia bark and cornstalk with poles erected at regular intervals to keep the 
structure upright (Fig. 5). It has two rooms similar to those of the albow, but most 
frequently a separate room is also added which serves as a kitchen. The local people 
regard the maaden as a permanent residential building and as a result none of its parts is 
removed during migration, so that it can serve again when a household returns. 
An important aspect of the field survey linked to maaden was the question of how long it 
can serve before it is worn out completely. The investigation showed that the maaden has 
a short life of only three to four years. There are two reasons for this. First, termites (a 
common name for various insect species also known as “white ants”) are widely 
distributed in the area and are known for the damage they cause on wooden structures 
like the maaden. Second, a local wind known as khamsin (Fig. 6) is also a potential 
source of destruction of the loosely constructed houses of the pastoralists (khamsin blow 
over a much smaller area than global winds and include the Santa Ana in California, the 
Brickfielder in Australia, and the harmattan in West Africa).  
The third phase in the morphology of settlement is called the merebait. It is a 
modern housing structure made of cement blocks, lumber, and corrugated sheet iron. This 
phase has emerged recently, initiated by a number of factors including cultural diffusion 
(expansion diffusion) and a gradual shift in the mode of production from nomadic 
pastoralism to market-oriented diversified economy.  
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        Figure 5 Maaden: A traditional housing structure of Tigre and Hidareb pastoralists 
        (Photograph by author).              
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          Figure 6  Khamsin: An anti-cyclone over the semi-arid region of Kerkebet 
          (Photograph by author).              
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  One of the important aspects of studying the typical settlements in the agro-
pastoral areas was to see how the materials used for building houses affect forage 
availability for livestock. Given the diminishing resource base of the area, my premise 
was that the materials used for constructing houses (straw and crop residue) have 
negative consequences on the amount of supplementary feed available for the animals. I 
attempted to address this preliminary assessment by establishing a simple and 
straightforward relationship between two parameters: the material requirement for 
housing and the feed requirement for animals. The first step was, therefore, to estimate 
the actual amount of straw required for building a maaden (the traditional pastoral 
dwelling unit). The quantity varies depending on the size of the house and on the number 
of compartments it has; the material requirement for an average-sized house was used. 
Discussions with the selected groups showed that three to four camel loads of straw 
and/or crop residue were needed to construct a single average-sized maaden.  
The next step was to find out how much a camel load of straw weighs; this was 
estimated at 100 to 150kg and 150 to 200kg per load of dry and wet materials, 
respectively. Dry straw is mostly used as supplementary feed during drought seasons. 
Even during a normal season, however, there are milking animals kept in or around the 
homestead, and these are fed on cattle-carry basis (animals are supplied with fresh straw 
taken from the farm areas). As a result, I used an average weight of one camel load of  
straw as 150kg (330lb). This multiplied by the number of camel loads required for 
single maaden (3.5 load) results in the total weight of straw/crop residue required:  
            150kg * 3.5 = 525kg (1155lb).  
The other parameters considered are:  
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a) The total number of dwelling units in the three sampled villages:  
                                           = 60  
b) The feed requirement of livestock species based on the findings for livestock in sub-
Sahara Africa by Jahnke (1982):   
                                     = 6.25kg/TLU/day  
The various parameters defined in the preceding discussion are put together to 
form the following expressions: 
a) Straw/crop residue amount for all the dwelling units in the study area computed based 
on the number of total dwelling units and the material requirement for a single house 
                         60 * 525kg  = 31,500kg (69,300lb) 
b) TLU livestock that can be supported by 31,500kg (69,300lb) of feed 
                         31,500kg/6.25 = 5050 TLU  
· Analysis of the Result 
Based on the above computation, the grazing resources used as materials in 
housing construction is enough to support the total livestock holdings of the sampled 
households for 24 days, which is approximately equal to 11 percent of the total feed 
requirement of the animals for a single season. The computation suffers from several 
shortcomings including the quality of data used to assess the amount of straw needed to 
build a single house as well as the estimate on feed requirement per TLU. Nevertheless, 
the result is useful in assessing the way forage availability is disrupted by human 
activities and it is also a good indicator of how the already fragile ecology of the pastoral 
area could be further put into crisis through inappropriate intervention. 
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3.6 Conclusion 
 In the context of the Tigre and Hidareb pastoralists, a nomadic household is a 
small task-oriented social unit encompassing people that are closely associated with the 
herd complex. The members of the household produce food for subsistence use, and they 
make use of the spatial diversity of their ecology to ensure survivability. As an important 
component of the household morphology, reproduction among the study groups has 
strong cultural and economic implications. Consistent with other research findings (e.g., 
Hill 1985), the nomadic pastoralists in this study experienced levels of fertility that could 
be generally characterized as low to moderate. The analysis of the demographic profile of 
the study groups (age and sex structure, household size, and dependency ratio) revealed 
that the population structure of the target groups had been disturbed by some population 
variables. The sex ratios for several age groups for example, reflected considerable 
deviation from the expected pattern as a result of selective out-migration to urban areas. 
Literacy rate is low among the Tigre and the Hidareb groups (20 percent), although the 
government is moving ahead with ambitious plans to expand school enrollment of 
children in the pastoral regions. Marriage is a mandatory social phenomenon for the 
target groups surveyed, and it has a strong significance as well, affecting both the fertility 
behavior and the cultural fabric of the pastoral community. Polygynous marriage is a 
cultural norm among the Tigre and Hidareb herders, although this is declining as a result 
of both increased awareness for a changed way of life (particularly among the young  
generation) and the crisis in the livestock economy, which makes supporting more than 
one wife difficult for a household head. 
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 Focusing on the women, I described their roles in production and distribution 
activities. Most frequently, herding is performed along sex/age lines. Men generally herd 
large ruminants and seasonally migrate to distant locations along with their livestock, 
while women perform activities related to the household economy (e.g., fetching water, 
collecting firewood). Dynamic changes are taking place in the household labor structure, 
however, as women are increasingly engaged in herding of small stock. A fellow-up 
survey of the sampled households showed a marked gender differentiation with regard to 
the primary responsibilities of decision-making. In certain aspects of the household 
economy (e.g., fodder, dairy products) the husband and his wife made decisions jointly, 
while exclusively the husband managed matters related to livestock marketing, migration, 
and community decisions.   
 Aspects of human welfare for the Tigre and Hidareb pastoralists have been 
discussed in terms of both the relative frequency of food types consumed and the 
intensification of diseases across different climatic phases. The ecological constraints 
have set limits on the livestock economy, adversely affecting in turn the livelihood of the 
pastoralists. I examined the dietary composition of the sampled population on the basis of 
the frequency of food consumption during both normal and stress periods. Milk and milk 
products formed the main food items, but there was a shift to cereals during dry seasons, 
as the former were highly sensitive to climatic changes. The pure-pastoralists were found 
to be the most vulnerable to environmental- induced changes in diet. The prevalent human 
diseases in the areas surveyed were categorized as epidemic/infectious diseases and 
urinary tract infection (UTI). Epidemic diseases such as malaria intensified during wet 
seasons, while urinary tract infection, boils, and tonsillitis resulted from extremely high 
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temperatures. Preventative measures, including vaccination- immunization, were most 
available to those pastoralists living close to health centers. For many of the pastoral 
households, illnesses were also treated with ethno-therapeutic methods, using local 
medicines produced from herbs and roots.  
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CHAPTER FOUR 
HERD DYNAMICS 
4.1 Introduction  
 The economic utility of livestock among the Tigre and Hidareb pastoralists 
includes, among other things, its function as a store of wealth and social media (e.g., 
bride wealth or friendship loans) and as units of production (meat, milk). Livestock also 
acquire cultural significance as important indicators of a person’s social status or as 
assets for sacrifice and for religious observances. They are given to the relatives of the 
bride at a marriage, in exchange for the woman. The exchange of bride-wealth also gives 
the groom new relatives to whom he can turn during times of food stress, as a means of 
reducing risk. A large herd size provides a person with prestige that allows him to marry 
several wives, which in turn is a means of gaining a large number of supporters. The 
multiple meanings attached to the various species of livestock are combined and 
interwoven in various ways related to ethnicity, social status, and gender. 
The cattle populations of Eritrea are la rgely concentrated in the central highlands 
and in the west and northwest lowlands, and according to Ghebremedhin (1996) they are 
classified into three types: 
i) Begait: locally known as Barka, these are widely found in the western lowlands among 
Beni Amer ethnic group. They are a medium-sized breed and are known for the high 
quality of their beef and milk. The high milk yield found in Begait was due to 
crossbreeding with exotic types (personal communication with animal resource experts).  
ii) Araba: a small breed with a long convex head and a yield generally between 8 and 10  
liters of milk per day. 
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 iii) Arado: a large-framed breed with long horns typically found in the highlands.   
Camels are important assets in the arid and semi-arid rangelands where pasture 
and water resources are inadequate. Their value is multi- faceted, including nutritional 
value in the form of meat and milk and as a means of transport for the nomadic 
population. Due to its endurance and strength, a camel is a valuable beast of burden in the 
dry regions of Eritrea. It can carry loads as large as 350kg (880lb), and although its pace 
is estimated to be only 5km/hr (3.1mph), a camel can cover long distances withstanding 
the rigorous climate. It carries family members, cereals, and bulky household materials.  
Small stock animals like goats and sheep are found in large numbers in the scrub-
covered slopes of the highlands and in the southwestern lowlands. These animals have 
high resistivity to natural stress like drought, as they can manage to feed themselves from 
small bushes over a rugged terrain. Their high reproductive rates enable the herders to 
generate more cash income in times of climatic stress. Donkeys, which are much cheaper 
than large ruminants, play crucial day-to-day roles in the livelihood of the pastoral 
communities. Based on their utility as transportation, two types of donkeys are 
recognized: the rif are used for transporting human beings, while mekadi carry only water 
and straw.     
The main purpose of this chapter is to document the changes observed in 
livestock possession between the 1999/2000-drought period and a normal period as 
perceived by the pastoralists. It also characterizes the differential losses in cattle and 
small stock across wealth rankings, and whether there are factors that can explain herd 
dynamics. 
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4.2 Estimating Livestock Population 
The total herd size for the pure-pastoral study region of Kerkebet was estimated 
on the basis of data on the total number of Tigre and Hidareb nomadic households (as 
documented by the Kerkebet MoA branch office) and the mean household livestock 
possession (writer’s own computation). The mean livestock holding per household was 
converted into Tropical Livestock Units (TLU) using Food and Agriculture Organization 
(FAO) conversion rate (1 TLU = a standard zebu bovine of 250 kg live weight). Based on 
the computed values of TLU per household and the total number of households in the 
study region, the overall livestock populations were estimated at 26,486 cattle TLU, 
11,724 camel TLU, 12557 goat TLU, and 7441 sheep TLU. The results of the 
computations suffer several drawbacks, including data quality regarding the exact 
number of animals each household possesses as well as the total entries and exits of herd 
sizes to and from the study region, which are left unestimated. In spite of these 
shortcomings, the results were useful indicators of livestock holdings per household. The 
estimate, along with land-use/land-cover, could be used for further analysis on the 
stocking density of the rangeland under study. In addition, the total TLU for a sampled 
household expressed in terms of AAME (Active Adult Male Equivalent) was found to be 
a good indicator of the labor pool available and hence the household’s food security. The 
computed mean ratio between livestock holding and household labor supply was 0.36 
TLU/AAME for the nomadic pastoralists in the Kerkebet study area, which is below the 
lower limit of 4.5 TLU/AAME for “middle-class” households, as proposed by Fratkin 
and Roth (1990). 
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4.3 Herd Size As a Function of Labor  
 In the areas surveyed, growth of the household herd is determined by a number of 
factors, including management strategies and local resource base. Several researchers, 
notably Bonfiglioli (1993), have noted an optimal relationship between household size 
and herd size, which implies that the growth of a family herd is limited by the amount of 
domestic force available. My analysis of the strength and direction of the relationship 
between household size and livestock possession employed Statistical Package for Social 
Sciences (SPSS). To reach the real available labor input for herding, I first converted the 
household size into Active Adult Male Equivalent (AAME), which is a better indicator 
than the absolute number of people in a family (see appendix IIE for converted AAME 
values for each sampled unit). Two sets of correlation analysis were run to determine the 
relationship between labor supply and herd possession during pre-drought and drought 
periods. The correlation matrix in Table 4.1 presents the results. 
For the purpose of describing the magnitude of the strength of the association 
between the variables, I used the guidance provided by Cohen (1980) who has defined 
the approximate absolute values of small correlation (r = 0.1), a medium correlation (r = 
³ 0.3 and < 0.5) and high correlation (r = > 0.5). The result of the analysis indicated that 
the herd sizes for both small and large stock animals were weakly associated with Active 
Adult Male Equivalent (AAME) during the pre-drought period. A relatively strong 
relationship between household labor supply and herd possession was observed, however, 
for climatically stressful periods (r = 0.29). This was due to the necessity for more labor 
input during drought, which involved longer distance movement. Livestock types are also 
correlated with each other to show how a particular climatic phase (normal or drought) 
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                      Table 4.1 
                      Correlation matrix between Active Adult Male Equivalent (AAME) 
                      and herd size in drought and pre-drought conditions  
 
 AAME    Xi     Xii  Xiii Xiv 
AAME 
 
  __     
 
Xi 
 
0.1214 
 
  __ 
   
 
Xii 
 
0.0122 
 
-0.1140 
 
__ 
  
 
Xiii 
 
0.2898 
 
 0.2497 
 
-0.0213 
 
__ 
 
 
Xiv 
 
0.2158 
 
-0.0679 
 
0.6508 
 
0.0632 
 
__ 
 
                    AAME = Active Adult Male Equivalent; Xi = Large Ruminant 
                    (pre-drought); Xii = Small Stock (pre-drought); Xiii = Large Ruminant 
                    (drought); Xiv = Small Stock (drought) 
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affects species composition for a household. For example, small stock possessions both 
during normal and drought periods are highly correlated (r = 0.65) indicating that an 
individual with large herd size in pre-drought period has a high chance of survival in time 
of crisis. The significance (validity) of the correlation analysis was assessed as the matrix 
presented in Table 4.1  was obtained from a sample and not from a population. The null 
hypothesis in this case states that AAME (household labor supply) and herd possession 
during drought period were in fact uncorrelated and that the coefficient 0.29 has been 
achieved by chance through sampling error. I made use of the critical values of the 
Spearman’s rank correlation coefficient for the selected level of significance (= 0.05). 
The findings indicated that the calculated coefficient (r = 0.29) exceeds the tabulated 
value (0.21) corresponding to the sample size (N = 90) and the required level of 
significance (0.05). The null hypothesis is rejected and hence the result is statistically 
significant. Therefore, a household with larger size (i.e., larger AAME) has relatively a 
better chance of being left with minimum number of livestock during crisis periods.    
4.4 Herd Dynamics 
4.4.1 Large Ruminant Herd Dynamics 
Herd dynamics reflect the specific events in births, sales, purchases, slaughter, 
and mortality over time (ILRI 2000). The main aspects of multi-species livestock 
ownership among Tigre and Hidareb pastoralists are explained in this chapter as 
integrated components of livestock economy. The number of animals possessed by the 
sampled households during normal and climatically stressful periods have been recorded 
and analyzed with the aim of understanding the internal dynamics of the pastoral mode of 
production.   
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Table 4.2 
Mean large stock holdings per sampled household in pre -drought and drought 
conditions  
 
Cattle Camel Study 
Area 
Pastoral 
Category Pre- 
Drought 
Drought    % 
Change 
Pre- 
Drought 
Drought     % 
Change 
Kerkebet        
Amalait PP 6.4 3.0 -53.1 3.2 2.8 -12.5 
Dirfa PP 6.7 2.5 -62.0 3.5 3.3 -10.3 
Felik PP 4.1 2.8 -31.7 3.3 2.9 -12.1 
Sheab        
Mensheb AP 3.8 2.3  -39.4 2.5 2.1 -16.0 
Bises AP 2.2 1.8 -18.1 2.7 1.9 -29.6 
Erem AP 2.6 1.4  -46.1 2.6 2.3 -11.5 
PP 5.7 2.7 -48.8 3.3 3.0 -11.1 Mean 
AP 2.8 1.8 -35.8 2.6 2.1 -19.2 
 
Source: Computed from the questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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           Rearing of cattle and camel is universally acclaimed by the respondents to be the 
most important livelihood opportunity in the study area. The herders aspire to own more 
cattle than the other species since marketing or slaughtering cattle can provide cash and 
can ease hunger in times of crisis. Ownership of large stock among the respondents was 
spread unequally and was highly skewed (skewness values were computed to be 2.7 and 
2.1 for cattle and camels, respectively). In addition, those owning cattle and camels 
tended to own the full range of livestock (including goats, sheep, and donkeys), in 
contrast to those possessing primarily small stock. 
Table 4.2 provides the mean cattle and camel possessions of the pastoral 
households across the climatic phases investigated. During the normal season, households 
sampled in the Kerkebet (pure-pastoral) study area owned an average of 5.7 head of cattle 
and 3.3 camels, while the corresponding figures for the Sheab (agro-pastoral) study area 
were 2.8 and 2.6. The nomadic pastoralists in the northwest lowland keep more number 
of cattle and camels on the average than the agro-pastoralists in the eastern lowland. The 
inequality in livestock possession between the two target groups is attributed to the 
differing modes of production. The agro-pastoralists both rear animals and produce crops, 
while the nomads, who rely largely on the livestock economy, demonstrate an adaptive 
strategy of maintaining peak herd size with a higher degree of species diversification.  
The reduction in the size of livestock was calculated as a percentage of the 
difference in cattle and camel possession from the beginning of the pre-drought period to 
the peak drought period. Most respondents were well aware of the fact that camels were 
much more resilient to drought conditions than cattle or small stock. The survey results 
showed that during crisis period the reduction rate for camels was appreciably lower than 
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for other species. The Tigre households lost on the average 8.7 percent of their camels 
compared to 68.2 percent of their cattle (Table 4.2). The difference in loss between these 
two species was due first to the differentials in the degree of resistance to the harsh 
climate of the region, in which case camels were better adapted than cattle. For example, 
they reach the side of acacia tree to eat leaves when vegetation becomes scarce, giving 
them an adaptive advantage over cattle and sheep (Fig. 7). During the survey, 
respondents confirmed that the top motivation behind herding camels was the high price 
they secure from domestic markets as well as from markets in Sudan. As part of the 
herders’ management strategy, camel sales are selective based on sex, for fear of 
curtailing reproduction capacity by losing females. Overall, the pure-pastoralists 
possessed larger herds during the normal season, while they suffered greater losses 
during stress times compared to the other pastoral group. 
4.4.1.1 Birth and Purchase Rates  
In an ever-variable ecosystem, reproduction to ensure peak herd size is a key 
strategy practiced by the pastoralists, as this optimizes production and maintains pastoral 
livelihood. The local people allow uncontrolled livestock breeding during times of high 
nutritional status, as insurance of being left with the minimum number of animals after 
the drought is over. Most calves are born in times of long rains, which coincides with the 
optimal environmental and nutritional conditions for calf growth. A summary of the data 
on birth and purchase patterns for large ruminants is presented in Tables 4.3A and 4.3B. 
The cattle birth rate for each study site was calculated as a percentage of the 
number of cows. Analysis of the data in Table 4.3A revealed that there were reduced 
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Figure 7 Camels have adaptive advantage over the other species.  
                 
 88 
birth rates during the drought period, compared to a normal season, with overall average 
reduction rates of 26.5 percent for cattle and 35.2 percent for camels. Similarly, most of 
the purchases of large ruminants took place during pre-drought season. Similarly, cattle 
and camel purchase rates for the sampled households were calculated as a percentage of 
the total cattle and camels owned. As shown in Table 4.3B, purchase rates for cattle and 
camels were very low, with no pastoral household purchasing more than 0.7 percent of its 
cattle herd for the period under survey. In general, the lowest purchase levels were 
observed during food stress, when most households rather sell their assets.   
4.4.1.2 Sale and Slaughter Rates 
 Sale and slaughter rates for cattle and camels were computed as a percentage of 
overall possession of the sampled household during the drought period. Though sales and 
slaughter levels for large stock animals were low across the climatic phase surveyed, 
most households reported peak cattle sales during stress periods. The rates also showed 
no significant difference across the areas surveyed. The practice of selling or slaughtering 
was found to be minimal, even in food stress situations, and the computed values showed 
that no household sold or slaughtered a high proportion of its total livestock asset. The 
implication is that the pastoralists are not prepared to increase sales or slaughter of their 
animals as a measure of food security in times of crisis. In general, however, the pure 
pastoralists in the northwestern part of the country tend to sell more cattle than the agro-
pastoralists in the eastern lowlands. Though sales appear to increase during crisis periods, 
most households reported frustration with lower market prices for their livestock while 
grain prices increased sharply.  
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Table 4.3A 
Mean cattle and camel birth rates (percent) per sampled household in pre-drought 
and drought conditions  
 
Cattle Camel Study Area  Pastoral 
Category Pre-drought Drought Pre-drought Drought 
Kerkebet      
Amalait       PP       7.9     5.9      6.5       4.6 
Dirfa       PP       8.2     4.4      6.6       3.7 
Felik       PP       8.7     5.5      5.9       4.5 
Sheab      
Mensheb       AP       5.5     3.1       3.5       2.1 
Bises       AP       4.2     2.9       3.9       3.2 
Erem       AP       5.4     3.4       5.3       2.2 
      PP       8.2     5.2       6.3       4.3 Mean 
      AP       5.1     3.1       4.2       2.5 
 
Source: Computed from the questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral                                                                          
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Table 4.3B 
Mean cattle and camel purchase rates (percent) per sampled household across 
different climatic phases 
   
Cattle Camel Study Area Pastoral 
Category Pre-drought Drought Pre-drought Drought 
Kerkebet      
Amalait       PP      0.7      0.5       0.5      0.2 
Dirfa       PP      0.6      0.3       0.2      0.1 
Felik       PP      0.6      0.4       0.2      0.1 
Sheab      
Mensheb       AP      0.3      0.2       0.2      0.1 
Bises       AP      0.4      0.1       0.1      0.1 
Erem       AP      0.2      0.1       0.2      0.0 
      PP      0.6      0.4       0.3      0.1 Mean 
      AP      0.3      0.1       0.2      0.1 
 
Source: Computed from the questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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4.4.2 Small Ruminant Herd Dynamics 
 Goats and sheep play a critical role in the nomadic way of life, given the 
limitations set by the fragile ecosystem. Small stock animals can eke out a living from 
scrub vegetation around homesteads, whereas cattle and camels must be taken to grassy 
areas as far as the neighboring countries of Ethiopia and Sudan. Although several writers 
(e.g., Gulliver 1975) note the desire for the East African pastoralists to keep at least one 
milking camel in each homestead, this is less frequently practiced among the nomadic 
populations of the Tigre and the Hidareb. Rather, small stock animals are often the only 
species found in close proximity to temporary nomadic settlements. 
The data for small stock was collected from a questionnaire survey covering 150 
sampled household heads in the study areas. The assessment of herd dynamics for this 
category included herd size, births, sales, purchases, slaughter, and mortality. The 
number of goats and sheep possessed by each sampled household is presented by area in 
Table 4.4. On average, households in the nomadic pastoral area possessed more small 
ruminants than households in the agro-pastoral area. 
Small ruminant herd size decreased greatly during the drought period, with an 
overall reduction of 48 percent from the pre-drought herd size. The rate of reduction for 
these animals was higher than cattle, due in part to the various coping mechanisms the 
pastoral groups adopt during stress times. Among the small ruminants, sheep suffered 
slightly greater loss than goats, because the latter can sustain themselves browsing on the 
scrub vegetation of the area (Fig. 8). Analysis on the basis of pastoral category showed 
that the nomadic pastoralists kept a higher proportion of goats and sheep than did the 
agro-pastoralists. 
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Table 4.4 
Mean small stock holdings per sampled household in pre -drought and drought 
conditions  
 
                  Goats                 Sheep Study   
Area 
 
Pastoral 
Category Pre- 
Drought 
Drought    % 
Change 
Pre- 
Drought 
Drought     % 
Change 
Kerkebet        
Amalait PP    31.5 18.2 -42.2    18.3 6.4 -56.8 
Dirfa PP    30.5 12.8 -59.0    14.0 7.7 -48.4 
Felik PP    30.3 14.3 -52.8      9.3 5.2 -52.9 
Sheab        
Mensheb AP    19.5 12.4 -42.4      8.4 4.7 -44.0 
Bises AP    20.7 12.6 -32.5      8.8 5.3 -39.7 
Erem AP    18.9 9.8 -46.1      9.3 4.1 -55.2 
PP    30.8 15.9 -51.3    13.8 6.3 -54.3 Mean 
AP    19.8 11.7 -40.6      8.8 4.7 -46.9 
 
Source: Compiled from the questionnaire survey, 2001. 
 PP = pure-pastoral; AP= agro-pastoral 
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         Figure 8 Goats adaptability to the semi-arid environment of the study region. 
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4.4.2.1 Birth and Purchase Rates 
 Birth rates for small ruminants were calculated as a percentage of ewes and does. 
Birth rates for small stock generally exceed those of cattle and camels in both of the study 
areas, as goat and sheep can give birth after a 5-month gestation period, while camels 
have a gestation period of 13 to 15 months. Moreover, the nutritional status of the area 
affects the patterns of animal reproduction. When grazing and water resources become 
scarce, the breeding rates for small stock decrease substantially. The local people 
deliberately curtail male servicing in times of stress; a mechanism widely practiced 
among the herders to reduce high birth rates. On the other hand, the households greatly 
encourage reproduction in times of good rains, to ensure peak herd size. Most kids for 
sheep and goats in the study areas are born during long rains, when environmental and 
nutritional conditions for animal growth and recovery are optimal. The reproductive 
pattern in the study areas is different from that practiced in several other East African 
pastoral regions. Tables 4.5A and 4.5B show the birth and purchase rates of small stock 
animals for the pastoral areas surveyed.   
Small ruminant purchase rates were found to be low throughout the climatic 
phases, with no pastoral unit reporting purchase of more than 1.2 percent of its mean herd 
size for any given season. Most purchases occurred during the pre-drought period, with 
the agro-pastoralists purchasing more goats and sheep than the nomadic pastoralists did. 
The lowest levels of purchases tended to be recorded during the drought period, the time 
when livestock sales are highly intensified for most of the househo lds in the study areas. 
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Table 4.5A 
Mean small stock birth and purchase rates (percent) during normal period 
for the areas surveyed 
 
Goats Sheep Study Area Pastoral 
Category Birth Purchase Birth Purchase 
Kerkebet      
Amalait        PP 11.5 0.5 7.4 0.4 
Dirfa        PP 9.8 0.6 6.1 0.4 
Felik        PP 8.5 0.4 8.6 0.7 
Sheab      
Mensheb        AP 11.5 0.5 6.2 0.3 
Bises        AP 9.8 0.6 5.9 0.4 
Erem        AP 8.5 0.4 4.9 0.1 
       PP 9.9 0.5 7.3 0.5 Mean 
       AP 7.7 0.4 5.6 0.3 
 
Source: Field survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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Table 4.5B 
Mean small stock birth and purchase rates (percent) during drought period 
for the areas surveyed 
 
Goats Sheep Study  
Area 
Pastoral 
Category Birth Purchase Birth Purchase 
Kerkebet      
Amalait        PP        4.5         4.5         2.4         2.4 
Dirfa        PP        5.8         5.8         2.1         2.1 
Felik        PP        6.5         6.5         3.6         3.6 
Sheab      
Mensheb        AP        4.5         0.1         2.9         2.4 
Bises        AP        5.8         0.1         1.5         2.1 
Erem        AP        6.5         0.2         1.8         3.6 
       PP        5.6         0.4         2.7         0.5 Mean 
       AP        3.0         0.1         2.1         0.1 
 
Source: Field survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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4.4.2.2 Sales and Slaughters Rates 
 Sales and slaughter rates for small ruminant herds were calculated as a percentage 
of a household’s holdings for a given climatic phase. Sales rates were found to be higher 
than purchase rates during both normal and drought seasons, with peak sales during 
climatically stressful times. It was also observed that the nomadic pastoralists recorded 
higher sales rates than the agro-pastoralists because household consumption for the latter 
group is partially supplemented by crop production. 
Slaughter rates for small ruminants were found to be much higher than for cattle 
(Table 4.6). This is a clear indication of the coping mechanism employed by the local 
people in times of crisis (cattle are not easily acquired as sheep and goats and so the 
herders rarely slaughter them for own consumption). The average slaughter rates were 
found to be low in all areas surveyed, with the households in the nomadic pastoral areas 
showing slightly higher rates, a direct correlation with the eating habits of the nomadic 
population. The need for slaughtering is most often met by purchasing other animals, 
reflecting the close association the local people have with their herd. 
             The graphical representations showed in Figures 9 and 10 depict the trends in the 
ownership of large and small stock animals for each of the respondents in the Kerkebet 
study area. During the environmental stress period (drought, diseases, and wildlife 
predators), size of herd possession for most households showed deviation from that of the 
long term normal. Most respondents experienced reductions in the number of animals, 
despite variations with respect to the magnitude of loss. Lack of forage due to arid 
conditions was identified as the major cause, followed by disease (e.g., rinderpest and 
contagious caprine pleuro pneumonia) and wildlife predators. Sheep suffered more from 
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Table 4.6 
Mean small stock sales rates and slaughter rates (percent) for the areas surveyed 
 
Goats Sheep 
Pre-drought Drought Pre-drought Drought 
Study Area 
 
Sells Slaughter Sells Slaughter Sells Slaughter Sells Slaughter 
Kerkebet         
Amalait 3.4 1.2 6.5 1.9 1.4 1.5 3.3 0.8 
Dirfa 4.1 0.8 6.2 1.6 1.5 1.1 3.7 0.6 
Felik 3.8 1.1 4.9 2.3 1.3 1.4 3.1 0.9 
Sheab         
Mensheb 1.6 0.9 2.8 1.2 1.2 0.4 1.5 0.7 
Bises 2.2 0.4 1.4 0.9 1.3 0.3 1.6 0.7 
Erem  1.4 0.5 1.6 1.1 1.0 0.5 1.2 0.6 
3.8 1.0 5.9 1.9 1.4 1.4 1.4 0.8 Mean 
1.7 1.6 1.9 1.1 1.1 1.1 1.1 0.7 
 
Source: Compiled from the questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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Figure 9  Changes in the aggregate possessions of large stock 
across different climatic phases
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Figure 10.  Changes in the aggregate possessions of small stock 
across different climatic phases
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the effects of aridity than goats due to the difference in ecological adaptation between the 
two species (see section 4.4.2). With the recovery of the forage resource on the onset of 
the rainy season, small stock mortality dropped drastically for most households. This 
kidding season is a critical period for the pastoralists, representing a period of recovery 
for goats and sheep. During normal periods the pastoral households own, on the average, 
more cattle than camels, but cattle suffer much more losses during crisis periods. Due to 
their endurance and strength, camels possess higher chances of survival than cattle. 
Besides starvation, the primary cause of death was found out to be an epidemic of 
contagious bovine pleuro pneumonia (CBPP).  
The high mortality rates resulting from recurrent droughts have led to dynamic 
changes with respect to livestock size. The overall reduction in the herd size of sampled 
households was 28.8 percent for the large ruminants. The loss for small stock was even 
more severe; the herd size for sampled households decreased by 48 percent on average. 
The nature of livestock distribution among the households was examined employing 
widely used descriptive measures of skewness and kurtosis. A high skewness statistic 
(2.68) was obtained for large ruminants during a normal period. The indication was that 
the majority of households owned less cattle and camels than the average, which in turn 
implies a disproportionate distribution of the animals in the pastoral community. The 
pattern of livestock appropriation was also skewed to the left during stress periods, 
although it was much closer to zero skewness than in normal period. During the normal 
period, the values of the kurtosis parameter or statistic were 9.7 and 14.9 for the large and 
small stock animals, respectively. These values signified that the distributions were 
highly peaked. The computed statistics for the dry period were 0.5 and 6.0 in the above 
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order, indicating flat distributions for the ownership of cattle and camels among the 
respondents.  
4.5 Incidences of Animal Diseases  
East Africa has remained dominated by trypanosomosis, a livestock disease that is 
known as sleeping sickness when it occurs in people. The parasite that causes this disease 
is transmitted to people and animals by tsetse flies, which are believed to occur in 38 
countries south of Sahara, 22 of, which are among the most underdeveloped in the world 
(ILRI 1998). Other livestock diseases include foot and mouth and mange that lower 
reproductive capacity of animals and reduce skin quality as well as meat and milk yield.  
Diseases greatly hamper livestock productivity in the arid and semi-arid regions 
of Eritrea, particularly during the wet season, as this is a critical period that accelerates 
bacterial reproduction. A sample survey conducted by the Animal Resources Department 
revealed that anthrax and rinderpest account fo r 10 percent and 25 percent of the 
mortality in cattle and small ruminants, respectively (MoA 2000). According to local 
informants, the 1968 rinderpest outbreak in the area was the most devastating: most 
households suffered losses estimated up to 80 percent of their possessions.   
The survey on the incidence of disease focused mainly on the epidemic and 
parasitic diseases, which were observed by the respondents largely during the dry season 
and on the onset of the rainy season. In both of the study areas, more than 65 percent of 
the respondents reported the incidence of infectious and parasitic diseases. The chances 
of occurrence for epidemic disease were generally higher during the drought period, 
while parasitic diseases were prevalently seen in all seasons of the year. The research 
findings also revealed that the nomadic pastoralists tend to report a higher frequency of 
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disease incidences than do the agro-pastoralists in the eastern lowlands. The levels of 
mortality for the study areas were assessed as the number of deaths that occurred, 
excluding slaughtering, in a given phase, expressed as a percentage of herd size during 
the previous phase. Accordingly, higher cattle mortality rates were found during the 
drought phase, with higher levels in the nomadic pastoral areas. 
Contagious caprine pleuro pneumonia (CCPP) is a major killing disease in the 
area, accounting for about 90 percent of mortality in goats and sheep. Ectoparasites, on 
the other hand, have an indirect effect of reducing productivity through inhibiting 
breeding capacity and resulting in body weight loss. Spoilage of hides and skins, which is 
commonly seen among smaller ruminants, is also due to ectoparasites. Foot and mouth 
disease, which is most prevalent during the wet season, affects milking animals causing 
reduction in milk yield from cows for a period until the animal goes back to its normal 
physiological condition. These diseases when left untreated can result in untimely deaths 
of milking cows, with tragic consequences to many of the pastoral households since the 
milk provided by a single cow meets the basic nutritional needs of family members.  
Traditional ways of curing animals were widely used by the Tigre and Hidareb 
until modern veterinary services were introduced in the pastoral regions of the country in 
1983. The remote location is a major hindrance to providing adequate services to the 
pastoral areas, though a clinic for animals has been recently established at Kerkebet. In 
places where veterinary drugs are grossly inadequate, the pastoralists still practice herbal 
remedies, which are recognized as effective, cheaper, and readily available. Animals are 
rarely brought to the clinic due to the long distance. Highly demanded drugs, including 
acaricides with ivomec injection for mangemites and antibiotics, are not available 
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Table 4.7 
Animal diseases in the pure-and agro-pastoral regions across different climatic 
phases 
 
Source: Animal Resource Division, 2001. 
CCPP = Contagious caprine pleuro pneumonia 
 
 
 
 
               Normal Season                Drought Season Animal type 
Agent Disease Agent Disease 
Cattle Ectoparasite Foot and mouth, 
Mange 
Ticks, 
Ectoparasite 
Mange 
Camels Ectoparasite 
Protozoal 
 
 
Mange 
Trypanosomiasis 
 
Ticks 
Ectoparasite  
Mange 
Goats Mycoplasmal 
Ectoparasite 
CCPP,  Mange Ectoparasite 
Ticks  
Mange 
Sheep Ectoparasite 
Mycoplasmal 
 
Mange 
Mycoplasmal 
 
Ectoparasite 
Ticks 
Mange 
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in sufficient quantity. Presumably, some drugs (such as abunin or oxytetracycline ivomec 
and trypanocidals) are smuggled from the Sudan and administered by the livestock 
owners themselves (personal communication with Dr. Ouqba, head animal disease 
prevention and control unit). In general, all the species suffered from bacterial 
reproduction and fatal diseases during rainy season, while internal parasites were most 
often experienced during the dry period. The loss caused by biotic organisms is 
particularly severe, accounting for the largest proportion of fatalities among the animals. 
Development efforts aimed at improving the standard of living of the pastoralists should, 
therefore, address the need for improved and expanded veterinary services in the pastoral 
areas of the country.  
4.6 Conclusion  
Main aspects of livestock production in Tigre and Hidareb pastoral groups were 
studied. The main production characteristics of the multi-species herds (goats, sheep, 
cattle, and camels), livestock ownership, management with focus on women and small 
stock, and the activities of sampled households as integrated livestock enterprise were 
discussed. All species were vulnerable to the stressful conditions of drought and disease, 
but clear differences were observed between the various species with respect to survival 
and recovery after a disaster is over. Such differences reflect both the managing 
capability of the herders and the varying degree of resistivity by animal species to 
climatically stressful periods. In general, small ruminants suffered higher mortality rates 
than cattle and camels, and within small stock, sheep experienced higher reduction rate. 
The mortality records of camels versus small stock confirmed that camels do not die 
easily during the dry season whereas survival for sheep and goats is greatly threatened. 
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The ability of camels to travel for long distances in search of a favorable environment is 
an advantage. The ability to survive during ecologically critical periods is, therefore, 
what makes camels superior to the other species.  On the other hand, the strength of small 
ruminants lies in their ability to recover rapidly following a drought period. In spite of 
higher mortality rates for goats and sheep, for example, the same group of animals goes 
through a rapid recovery process as a result of the shorter gestation period required in the 
reproduction of their offspring. The reduction rate for cattle was found to be lower than 
the small stocks not so much because of an ability to withstand drought conditions, but 
mainly because of the herding strategies practiced by the pastoralists.  
One of the common regularities of pastoral system in the study areas is the “boom 
and bust” cycles in livestock populations (Cossins and Upton 1988; Scoones 1993). The 
herd size grows over time, largely because of favorable rangeland conditions, but 
ultimately experiences a sudden decline through mortality, sales, and slaughter. After the 
crisis period is over, the size of livestock possessions for the herders begins to increase, 
and the cycle repeats itself. The herd dynamics for the study areas was also examined by 
species categories where peak mortality rates were observed during drought phase. Small 
stock animals accounted for the most mortality among the categories, partly due to their 
high proportion in the herd. In general, recurrent droughts are seen as lowering range 
productivity, with cattle and camels especially affected due to their greater needs with 
respect to forage density. As a result, differential reduction in cattle productivity has 
occurred, which has pushed the pastoralists to shift their investments towards small stock.   
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CHAPTER FIVE 
 MOBILITY AND DROUGHT COPING MECHANISMS 
5.1 Introduction  
In the past, when Eritrea had small human and livestock populations dispersed 
over large geographic space, the pressure on resources remained insignificant. The 
herders entered into a new phase of development, however, as competition for pasture 
and water resources increased. This transformation has been driven through increased 
demographic pressure, encroachment of rangelands by agriculturists and horticulturists, 
and the reduction of the grazing resources due mainly to recurrent droughts. Moreover, 
the long war for independence that was waged between 1961 and 1991 seriously 
undermined the pastoral economy of the country.   
The Tigre and Hidareb study groups use mobility as an adaptive strategy, as an 
instrument for survival in the face of the unpredictable nature of the rainfall. Mobility is 
one of the most effective means of obtaining what the animals need in an ever variable 
ecosystem, and it operates under regulated indigenous know-how. Though there is 
variability at the household level, the decision for migration at a community level is 
overwhelmingly dominated by search for forage and water (see regression analysis).  
Rainfall is the single most important indicator of forage availability in the study 
areas, despite the presence of several factors contributing to its unreliability. The 
discussion I had with the informants demonstrated that a small rainfall during the peak 
plant growth season could result in a greater increase in feed availability than could a 
large amount of rain in the dormant season. The timing of the rainy season is therefore a 
determining factor in pasture growth. Moreover, rainfall is a general indicator of quantity 
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in the whole plant community, but does not provide information on the quality of forage  
(animal feed usually consists of three categories of plant types: preferred, desired, and 
undesired.). Precipitation is thus the main causal factor for mobility among study groups, 
in contrast to several pastoral groups in East Africa, where movements are complex and 
highly variable due to the security problems posed by the raiders (Wienpahl 1984). This 
chapter addresses herding and patterns of mobility for the sampled households. It also 
provides baseline information about what the pastoral households did to sustain 
themselves and their animals in the drought period of 1999/2000.  
5.2 Herd Movement, Herd Size Determinants, and the Role of Women 
This section discusses patterns of herd movement and the factors that determine 
the size of a herd in the study areas. It also addresses the issue of women’s role in the 
herding societies of Tigre and Hidareb. 
5.2.1 Herd Movement 
As described above, the herders and their livestock exhibit a high degree of 
mobility as a way of maintaining water and forage resources. Depending on the intensity 
of the drought conditions, two different idealized patterns of mobility can be abstracted 
for the Tigre and the Hidareb pastoral groups. During the wet period (March to May), 
environmental conditions permit the households and their livestock to stay together, using 
the forage in their locality. Most often, cattle and camels need not be herded during this 
season while they are kept in or around homestead, except when they are helped to make 
their way to and from the grazing area. But the months between May and October are 
crucial for the pastoralists as the forage supply within their locality becomes incapable of 
supporting the livestock population. With the extension of the dry period, mobility 
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assumes a distinct periodicity and directionality. The herders migrate further to Afaabet 
and Sahel in the extreme north part of the country and even to the neighboring countries 
of Ethiopia and Sudan. The report by the Ministry of Agriculture (MoA) showed that 
about 300,000 heads of cattle migrated to and returned from East Sudan and North 
Ethiopia between September 1997 and January 1998, for example (2000).  
At the community level, environmental variability (mainly the erratic and 
unpredictable nature of rainfall) was the most crucial factor affecting decisions on 
seasonal migrations, while analyses based on individual households tended to emphasize 
the importance of cultural aspects as well. For example, a herder may postpone his 
migration schedule for some kind of social reason, in which case he enters a herding 
arrangement with another herder.  
Mobility is typically species-specific because of the variations in water and 
grazing requirements. Cattle and sheep are the first to move, followed by camels and 
goats. Goats, because of their capacity to feed from scrub on rugged terrain, and camels, 
which feed from leaves of tall trees, show delayed migration.  Cattle are the dominant 
species during trans-border migration to the neighboring countries, while female camels 
are moved to that part of Eritrea between western lowland and southern highlands from 
December to May. Small stock animals (goats and sheep) move during the months of 
March, April, and May. As the intensity of aridity increases further, the herders separate 
their herds into units and move along with their non-milking camels and non-milking 
small stock to the extreme south and southwest parts of the country, while the milking 
animals remain around the homestead.  
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Given the altitude/rainfall correlation, the agro-pastoralists in Sheab have key 
annual movements to the lowest part of the range in rainy season and to higher elevations 
at the end of dry season. Besides the need for pasture and water, the local people are also 
forced to migrate seasonally to the adjacent central highland due to the extreme monthly 
temperatures in May, June, and July. As discussed in chapter three, this is part of the year 
when all members of a household move to the highland, except the head, who takes care 
of his farm plot on the irrigated field. Depending on the intensity of the dry period, the 
agro-pastoralists may migrate further to the extreme north part of the country. For the rest 
of the year, the animals are either kept in the homestead, fed through cattle-carry system, 
or taken to the farm area, in which case straw and crop residue form the main source of 
forage.  
 An interesting aspect of pastoralism in the study area is the way the local 
communities use their indigenous/traditional knowledge to cope with ecological 
constraints. The herders possess in-depth knowledge about their natural environment, 
which they utilize primarily in reducing the risk associated with the variable nature of the 
precipitation. Based on several indicators, the herders track forage availability and make 
decisions on management issues. For example, if a declining trend in the amount of 
precipitation has been observed over the past few consecutive years, a dry period is 
predicted. This is an early warning signal reminding the pastoral communities to be on 
watch and in readiness for migration. If the herders migrate to a new grazing site, they 
will stay there until they receive information about good weather conditions in their 
locality. The decision for further subsequent migration depends on the flow of 
information between those household members who have moved with their livestock and 
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those who are left behind. There are also moments when the traditional forecasting 
mechanism leads to an expectation of a season that may bring enough precipitation. If the 
grazing conditions appear to be promising, there will be no plans for trans-border 
migrations, except localized movement, in which case the pastoralists stay for most of the 
year around their temporary settlements.  
Traditional weather forecasting is also based on careful observation of the 
direction of the prevailing winds. I approached several elders who were highly regarded 
by the community members for their wisdom about the pastoral society and the pastoral 
ecology they live in. They expla ined to me that winds blowing from a westerly direction 
are indicators of a “good season” in general (the local people’s perception about a “good 
season” here refers to the ecosystem that adequately provides them with water and 
herbaceous plants for their animals). On the other hand, winds blowing from an easterly 
or northeasterly direction are usually associated with aridity or even extended drought 
conditions. The elders were not capable of rationalizing the conclusions they draw about 
weather forecasting, but their assumptions were valid and are in line with some scientific 
explanations. For example, the way they see drought as progressive phenomena rather 
than as a singular occurrence is supported by research findings (Corbett 1988). Similarly, 
Coppock (1994) noted that designation of crisis as a one-year event was inconsistent with 
other findings in which drought was observed as a multi-year phenomenon.      
5.2.1.1 Cost Analysis of Mobility  
A critical aspect of seasonal movement is the economic impact it has on the 
livelihoods of the pastoral households. High travel expenses are frequent for the 
transhumance pastoralists, who move seasonally between the lowland and the highland. 
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The herders in Sheab area move to the central highland every season in May and come 
back to the lowland in November (The local terms for upward movement and downward 
movement are sagem and sabehk, respectively). Practically all members of a household 
move temporarily, while the head remains behind. A moving family normally carrie s 
grain cereal for consumption during its stay in the highlands, though the diet is 
supplemented with beles (Opuntia ficus indica), a wild plant that produce edible fruit 
suitable for human consumption (Opuntia ficus indica, although native to tropical and 
subtropical regions of southwestern U.S. and the Sonoran desert of Mexico, has been 
introduced into arid regions throughout the world). In addition to cereals, a household 
also carries non-food items, including carved wooden beds, plastic water containers, and 
utensils.  
During the upward movement (sagem), each household needs four camels on 
average to transport its members, comprising the herder’s wife and their children along 
with food and non-food items. Despite long trekking distance most of the households are 
inclined to move to areas endowed with better grazing resources. Household heads who 
do not own camels or who need additional ones have to go to a rental arrangement and 
the rent for a single camel varies depending on the age and strength of the camel. But 
many respondents reported that the mean cost for a single camel was 100 Nakfa (about 
10 USD). The mean expense for a single household head is therefore 400 Nakfa (about 
40 USD) for the upward movement alone. In November, when favorable climate and 
improved grazing conditions prevail, the households move downward to the lowland 
(sabehk). Since fewer camels are needed to bring the family members back to the 
lowland, the costs of transport for this stage of migration are generally reduced by half.  
 113 
 
 
 
 
 
 
I computed the mean annual transport cost for a single household in the Sheab 
study area in proportion to the annual per capita income for a typical rural household in 
Eritrea.  FAO, in its annual report on Food Supply Situation and Crop Prospects for sub-
Saharan Africa (2000), estimated Eritrea’s GNP per capita to be 200USD. Based on 
FAO’s figure and my own computations on households’ cross-sectional income 
composition, a pastoral household on the average spends about 24 percent of its annual 
income on transport costs (see chapter 6).  
5.2.1.2 Explanatory Factors in Herd Movement  
· Forage Resources 
Naturally grown grass and herbaceous plants form the main feed source for the 
animals in the rangeland of Eritrea, an area that accounts for about 60 percent of the 
country’s total land area (MoA 1997). Because of acute feed shortage, grazing grounds 
with high stocking rates are not capable of providing enough necessities of life for the 
grazing and browsing animals. Analysis on the supporting capacity of the rangeland in 
the eastern and northwestern lowlands showed that for most of the year a hectare of land 
can sustain only 0.6 to 1.3 TLU (Tropical Livestock Unit). In addition, a considerable 
portion of the grazing land in the pastoral regions is lost through extensive use of fire 
during honey harvesting and from fire left uncontrolled by shepherds. To alleviate the 
problem of feed shortages, high quality exotic forages such as alfalfa are being 
introduced in areas where dairy cattle are found in large number. A growing number of 
herders are showing interest in using these forages after an experiment yielded 40 to 
50quintal of high quality alfalfa grass per hectare (MoA 1997). The sampled households 
use a highly heterogeneous landscape regarding forage quality and quantity. It is common 
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practice among the Tigre and Hidareb, therefore, to designate forage sources located 
close to the households as primary grazing sites. Such sites are to be used during critical 
parts of the year to supplement for shortages until the onset of the rainy season.  
· Sources of Water 
Most of the pastoral households in the study sites used the same water resources 
as their livestock. However, the government has constructed several boreholes to supply 
water for human consumption only. The pastoralists generally relied on wells for both 
human and livestock use during dry period, but with the onset of the rainy season a shift 
towards use of streams and rivers was observed. Water sources in the study areas are not 
well distributed, and as a result, huge concentrations of livestock around water points 
create a condition of overgrazing which in turn force the pastoralists and their animals to 
trek long distances. In addition, the local people’s emphasis on the number of animals 
rather than yield from each species creates high stocking density, paving the way for 
more migration decisions.  
Watering animals is the most critical task for the Tigre and Hidareb nomads, and 
the number of persons needed for this task varies seasonally. During the wet season, little 
labor is needed as the herd can water from temporary streams flowing nearby. During dry 
seasons, however, hand-dug wells along the dry river basins are the main sources of 
water for the herds. The wells need to be dug frequently with the extension of the drier 
period, in order to reach the water table. In other words, the degree of work burden or the 
labor input needed in watering the animals is a function of the depth of a well. A 
minimum of two persons is needed for a well with an average depth of 3 to 5ft: one to 
raise the water from the well and another to keep order among the animals coming to the 
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water point. Frequently, two households form a watering team, each taking care of 
watering the herd at a regular interval. 
In addition to forage and water resources, the pastoralists also move because of 
the pressure resulting from the expansion of agriculture and horticulture. In several areas 
encroachment by agriculturists has upset the functioning of a traditional pastoral system, 
which fundamentally presupposes access to large territory and seasonally varied grazing 
and watering points. In the Gash Barka administrative region alone, a total of 235,625ha 
of land previously used to support traditional pastoralism were put under horticulture 
activities (MoA 1997). Based on Janhke’s  (1982) findings on supporting capacity of 
rangelands for arid and semi-arid regions of Africa, the above land size is sufficient to 
provide the necessities of life for 5,600 TLU (writer’s own computation).  
· Regression Analysis  
The three independent variables (pasture, water, horticulture expansion) together 
with the distance traveled during migration (dependent variable) were fit into a regression 
model to examine the existing relationships. In other words, a statistical analysis using a 
regression model was run to explore how much of the households’ decision to migrate 
was influenced by environmental and human factors. Movements motivated by the 
traditional perceptions of the local people were not considered during the analysis, as 
these were found to be of having little or no influence.  
The coefficient of multiple determination (R2) indicated that most of the 
variations in the decision making process for migration were explained by the search for 
pasture (54 percent) and by the search for water (24 percent). The expansion of 
horticulture had the least effect on the herders’ decision to migrate (0.64 percent). 
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Similarly, the analysis of the correlation coefficient revealed the strongest association 
between migration distance and the search for animal feed (r = 0.73), while the weakest 
relationship existed between migration and the encroachment by agriculturists and 
horticulturists (r = 0.08). In sum, the explanatory power of the regression model was 
found to be strong. Shortage of essential pastoral resources resulting from the erratic 
nature of rainfall was the primary factor for the pure-pastoralists’ decision to move. 
Figures 11 and 12 are curve estimations representing the regression statistics discussed in 
the preceding section. A separate linear regression model is produced for each of the 
independent variables (pasture and water) in relation to the dependent variable (distance). 
5.2.2 Herd Size Determinants and the Role of Women 
5.2.2.1 Determinants of Herd Size  
The labor demands in herding are highly disaggregated because different animal 
species are herded separately, and this implies the need for additional labor. For some 
part of the year, non-milking animals are taken to distant grazing areas while the others 
are kept at the vicinity. This creates a bottleneck in the labor situation of the pastoral 
households, as most of them do not possess sufficient labor to allocate herders to both 
pasture grounds. In addition, herding requires continuous labor throughout the year, 
unlike farming with its peak labor seasons. Problems associated with labor shortages are 
usually solved through herding arrangements established between individual pastoralists. 
Two or more households agree to bring their herds together under a single herder for part 
of the year. A herder from each household is assigned seasonally on a rotation basis. This 
is practiced most often between relatives and close friends and has proved to be a viable 
way of dealing with labor shortages, especially when herds are divided into production  
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                        Figure 11 Linear curve estimation between the search for water and 
                         migration distance in the pure-pastoral study area. 
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                   Figure 12 Linear curve estimation between the search for pasture and 
                   migration distance in the pure-pastoral study area. 
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specific components. The other less frequently used measure to overcome the problem of 
labor shortage in herding is expansion of the labor pool by bringing new members into a 
household. These new members usually consist of sons of close relatives. Because 
herding is considered a severe lifestyle, some of the community members prefer to hire 
herders rather than perform it by themselves. Bascom (1990) noted, for example, 55 
percent of the household heads among Beni Amer and Maria ethnic groups in Northwest 
Eritrea hire herders for the entire year.  
5.2.2.2 The Role of Women in the Herding Society 
Some early works characterized pastoralism as a subsistence system dominated by 
males, little or no attention to women’s roles in the livestock production (Dyson-Hudson 
and Dyson-Hudson 1980). The role of women in herding is an aspect that has long been 
neglected, mainly because of the assumption that men were responsible for livestock and 
women for cultivation. Dyson-Hudson and Dyson-Hudson (1980) wrote that women had 
been an ignored feature of pastoral societies, and that the focus on women’s roles and 
status was one of the specific issues emerging from the studies of nomadic pastoralists 
during the 1970s. Recent publications are, however, increasingly recognizing the crucial 
roles played by women in pastoral societies (Bates and Conant 1981). In the pastoral 
region of central Kenya for example, women have considerable control over resources 
and decisions regarding these resources (Porter and Sheppard1998). This section will 
consider aspects of female/livestock interactions and female versus male roles regarding 
rights and values among Tigre and Hidareb nomadic pastoralists. The small stock/large 
stock dichotomy is examined with respect to two operationally defined components: 
rights over livestock and roles associated with livestock management.  
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In the Tigre and Hidareb cultures, men are entitled with the power of making 
decisions concerning grazing resources, movement of herds, livestock marketing, and 
matters related to community decisions. Women have little or no authority with regard to 
decisions in livestock sales or slaughter, and most often they are in charge of day-to-day 
household economy, allocation of milk and milk products, and selling of poultry. Given 
the male supremacy in the pastoral subsistence economy, incidences of conflicts between 
husband and wife over resource management are virtually non-existent. Less frequently, 
there are sufficient grounds for disputes between a husband and his wife over matters 
related to the ownership of animals.  
 One of the primary issues with respect to the role of women in the study areas is 
their right of distribution over livestock products. Slaughtering of a goat or a sheep 
usually takes place during religious/community ceremonies or during gatherings on 
formal occasions. There is an expectation of meat from slaughtered animals to be shared 
among all the household members. Women are, however, empowered with the right to 
distribute it among the members based on a widely held custom. Milk distribution is also 
considered the women’s job, although herd boys sometimes milk for their own immediate 
consumption. Women have exclusive rights over the distribution of milk stressing the 
importance of providing the larger share to children especially during scarcity. There is a 
well-established tradition of female marketing activities among the Tigre and the Hidareb 
groups, but this is not a way of acquiring personal savings as is commonly practiced 
among the pastoral tribes in East Africa. 
Observations made on numerous occasions showed that watering activity is 
performed by men and boys aged 10 years and above, while females are less frequent 
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participants. The watering task occurs every other day for small stock and large stock on 
an alternating basis. It is tedious, as it involves several hours of walking to and from the 
wells. Furthermore, depending on the depth of the well water, several people are required 
to pass the water containers. This is a major limitation that sets up a sexual differentiation 
in which women are generally kept away from watering activities.  
5.3 Drought and Traditional Coping Mechanisms  
The purpose of the survey on coping mechanisms was to obtain baseline 
information about what the pastoralists did to sustain themselves and their livestock in 
times of crisis. The main focus was therefore how the crisis affected human welfare and 
to examine the strategies adopted by the local people to mitigate the adverse effects. It is 
also intended to provide insight into the relief aid received by the pastoral communities 
and to find out how the beneficiaries perceive aid in terms of sustained food security. 
5.3.1 Drought Coping Mechanisms  
Coping mechanisms, in the context of the present study, are responses of an 
individual, a group, or a society to challenging food stress situations (Ndikumana 2000). 
These mechanisms are instituted either to minimize the risk factor involved during crisis 
periods or to manage loss. Most are already built- in strategies evolving around a strong 
social network, while others are initiated by a stress factor. The coping techniques 
broadly classified as managerial strategies and community strategies are discussed from 
the standpoint of the International Livestock Research Institute (ILRI) classification 
method (2000). The managerial strategies consist of herd diversification, herd splitting, 
and migration and transhumance movements, while the community strategies include 
sharing, loaning, and giving of livestock as gifts. This section describes the management 
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practices related to herd restructuring, livestock supplementation and other tactics widely 
used by the study groups.  
· Herd Diversification 
The pastoralists maintain herd diversification as a mechanism designed to meet 
their needs as well as to fit species types to the environmental conditions that provide the 
necessities of life (i.e., forage availability). Each type of animal is raised with a specific 
objective to meet the needs of the pastoral household. Large ruminants—cattle and 
camels—are kept for their milk, and they also serve as a “bank account” in times of 
severe climatic stress. Sheep and goats are highly regarded as potential sources of cash 
income and food because of their high reproductive rates and high degree of resistivity to 
drought conditions. Statistical assessments of the herd diversification practiced among 
the pastoralists during both normal and stress periods were performed using the Simpson 
Index (SI). The calculation of SI involves first converting the number of animals into 
Tropical Livestock Unit (TLU) equivalents, based on Food and Agriculture Organization 
(FAO) conversion rate of one TLU as equivalent to a standard Zebu bovine of 250kg live 
weight. 
The computation for herd diversification was based on the data generated by the 
structured questionnaire over different climatic phases. SI values of 0.38 and 0.56 were 
obtained for the pure-nomadic populations (Kerkebet study area) and for the agro-
pastoralists (Sheab study area), respectively. The lower index (SI = 0.38) for the herders 
in the Kerkebet area implies greater species diversity, while the herd composition tends to 
be dominated by a single species for the agro-pastoralists in Sheab. Herd diversity 
therefore appears to be a strategy widely practiced in the more arid regions of the 
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country, where the advantage of adaptive capabilities of different livestock species are 
taken into consideration.  
· Maintenance of Female-dominated Herd 
Coppock (1994) cited studies, which noted that a female-dominated herd structure 
was used to offset long calving intervals and thus stabilize milk production. The 
respondents in all the sampled villages emphasized the crucial role played by female-
dominated herd structure, especially during a recovery period. This type of management 
strategy is widely practiced, particularly for small ruminants, as a household’s survival 
strategy would be determined to a large extent by the rate of reproduction for these 
animals. The herders are also reluctant to sell cows and female camels unless they face 
extremely compelling conditions. Moreover, there are restrictions from local 
administrations on the export or sale of female camels in foreign markets, though it is 
believed that these animals generally fetch a high price. 
· Herd Splitting   
A particularly important feature of the pastoral system in the study area is the 
presence of a network of social bonds to guard community members against risks. A 
certain portion of a household’s livestock possession is kept within the family’s herd, 
while the rest is given to relatives and close friends so that in case of severe crisis the 
losses for any household would not be total. Similarly, the households split their livestock 
into core and satellite herds to make the best of the resources in their environment. 
Mature animals—males and dry females of generally larger species that can be trekked 
long distance—are included in the satellite herd. The core herd, which consists of young 
and breeding stocks, are kept near the homesteads, using local sources of water and 
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forage. This group of animals is usually herded by women and children who are left at 
homesteads, while men migrate with the satellite herd. Moreover, in the agro-pastoral 
areas where both cultivation and livestock raising are practiced, animals are fed through 
cattle carry; i.e., crop residue is taken from the farm plots to the homestead. 
· Livestock Supplementation 
 Supplementing livestock grazing with other sources of feed is a common practice 
among the pastoralists. The two most commonly used types of supplementary feed in the 
study areas were shrub/tree fodder and crop residues. Table 5.1A shows the proportion of 
sampled households that supplemented their animals with extra feed. 
Supplementation for cattle and camels is seen in both the pure- and agro-pastoral 
areas, the former accounting for a higher proportion of households practicing it (Table 
5.1A). The types of supplementary feed provided in the study areas are the reflection of 
both the natural environment and the mode of production under which the households 
operate. During the dry season, more animals are given supplementary crop residue in the 
agro-pastoral region, while in the pure-pastoral region shrubs and tree leaves are used to 
compensate for the feed shortage. The percentages of sampled households that 
supplemented small ruminant grazing are shown in Table 5.1B. Supplementing small 
stock was also practiced more frequently during the drought period, with the type of feed 
similar to that of the large ruminants.  
One of the peculiar features about feeding animals with additional resources is the 
practice of using a portion of relief food as supplementary feed. In the household survey, 
19 sampled households (i.e., 15 percent of the total) reported feeding animals with the 
relief aid they received during the 1999/2000-drought. In the wealth differential analysis, 
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most of these households are categorized as rich and few others as middle class families 
(see chapter 6). The computed coefficient of correlation between those herders who were 
left with the minimum herd size during the stress period and those who spared part of 
their food aid to supplement animal feed also showed a positive relationship. 
In addition to the various resource management strategies, the pastoral 
communities have a social network system to protect the members from risk. Calves and 
in certain cases cows are given to relatives of the bride at marriage, in exchange for the 
reproductive capacity of the woman. This exchange of bride wealth serves as a means to 
minimize risk, as the groom can turn to the new relatives in time of drought. Rituals 
(prayers and sacrifice) that occur more frequently during stress period also form part of 
the community’s survival strategy, by providing food for poor households.  
5.3.2 Recovery and Relief Activities 
Drought management strategies are an important component of livestock 
production in the pastoral regions of Eritrea. The herders build up livestock numbers in 
anticipation of recurrent droughts, and they work hard to ensure that they will be left with 
a minimum herd size after a crisis period is over. Recovery periods were not easy, 
especially for those households with little livestock holdings during the pre-drought 
season.  
I asked how long a household might require to recover fully from a crisis period. 
Although the sampled household heads responded in varied ways, many agreed that this 
was a function of a single factor: the herd size an individual pastoralist possessed before 
the onset of a drought period. Herd size is crucial because it has a direct effect on the 
number of animals an owner could be left with after the crisis period is over. As a general 
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Table 5.1A 
Percentage of households who reported supplementary feed to cattle and camels 
during each climatic phase (N =150) 
 
Study Villages      Pastoral 
     Category 
Supplement 
     Type 
Pre-Drought Drought 
             
PP Shrub/tree fodder 11.7 24.2 
PP Crop residue 3.6 3.3 
PP Forage 1.2 2.1 
 
 
Kerkebet 
PP Other 3.0 7.6 
    
AP Shrub/tree fodder 4.0 3.5 
AP Crop residue 28.1 4.3 
AP Forage 0.0 0.0 
 
 
Sheab 
AP Other 3.0 21.0 
 
Source: Household questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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Table 5.1B 
Percentage of households who reported supplementary feed to goats and sheep 
during each climatic phase (N =150) 
 
Study Area     Pastoral 
    Category 
  Supplement 
  Type 
Pre-Drought Drought 
    
PP Shrub/tree fodder       12.1       16.1 
PP Crop residue         2.3         1.4 
PP Forage         0.0         0.0 
 
 
Kerkebet 
PP Other         1.2       10.5 
    
AP Shrub/tree fodder       14.3       11.2 
AP Crop residue       18.1         4.7 
AP Forage         0.0         0.0 
 
 
Sheab 
AP Other         6.5         1.7 
 
Source: Household questionnaire survey, 2001. 
PP = pure-pastoral; AP = agro-pastoral 
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rule, there is a good chance for wealthy households to recover more rapidly than poor 
households, even though the former might have suffered a great loss in absolute terms. 
Furthermore, wealthier households have access to capital resources, which is an 
important element in establishing a new herd structure quickly. Differences in livestock 
holdings and capital accumulation are thus useful indicators, creating polarization 
between individual herders during critical moments. On the question of time duration 
needed for rehabilitation after a drought is over, a sizeable portion of the respondents 
indicated that it takes a minimum of two to three years for most households, unless 
another ecologically stressful period occurs.   
An individual herder’s decision for a timely response on when to migrate and 
which route to follow during migration was found to be important aspect of pastoral 
strategy. During the 1999/20000-drought period, there were few households who had 
moved to other places: only those who had lost the major portion of their livestock 
holdings and who were left with almost no assets by the time of the peak drought season 
(personal communication with the community leaders). Nevertheless, recovery efforts for 
all the households were partially affected by the intensity and the spatial coverage of the 
crisis. The 1984/85drought, for example, tragically struck the rural populations of the 
country (as well as the pastoral populations in other East African countries), with 
devastating effects on the livelihood of almost every household. The social groups, 
however, pursued different strategies to deal with the problems. Whereas the rich 
engaged in small-scale business, the poor herders mostly looked for wage labor (the 
wealth stratum of the community members being defined based on the wealth differential 
analysis described in chapter 6).  
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Eritrea is frequently subjected to drought-induced disasters. As the elders who 
personally experienced drought in the Kerkebet area reported, varying degrees of drought 
in the last twenty years have taken a heavy toll on livestock. Many considered the 
1984/85-famine as the worst rural tragedy to have struck their region. A large number of 
households received relief aid from the Eritrean People’s Liberation Front (EPLF), and 
many more fled to Sudan seeking better livelihood.      
The households interviewed acknowledged that they received food aid during this 
dry season; though many complained about the insufficient amount they received. Food 
donations were made to the area through the World Food Program (WFP), the Food and 
Agriculture Organization (FAO), and the Eritrean Relief and Rehabilitation Commission 
(ERRC); a government relief agency undertook the task of distribution. Relief food 
distribution at the Kerkebet and Sheab sites was made after careful identification and 
registration of the households. The distributed food consisted of cereals, edible oil, 
protein, and iodized salts (Appendix IIF), and these were distributed on the basis of 14kg 
of wheat grain, 3.6kg of protein, 1 liter of cooking oil, and 225gm of salt per person per 
month (Eritrean Relief and Rehabilitation Commission Kerkebet branch office Report 
2001). The summary report on the food aid shows that altogether 4,893 households or 
23,000 beneficiaries were assisted between January and May 2001, using 503.9 tons of 
wheat grain, 83.4 tons of protein, 61.1 tons of cooking oil, and 5.2 tons of salt. 
5.3.3 The Tragedy of the Commons  
In his famous theory the “Tragedy of the Commons”, Hardin (1968) stated that 
where individual responsibility for the herd is divorced from an individual’s 
responsibility for land, pastoralists tend to be selfish about resource use. Herders misuse 
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the land for immediate benefits regardless of the long-term consequences of their actions. 
Each pastoralist will continue to increase his herd size with the aim of securing maximum 
individual benefit, while creating additional stress on the resource base of the area. Every 
additional animal will result in a +1 gain to the owner, while the resulting adversity due 
to increased pressure on the pastureland, -1, is shared by the whole pastoral community. 
Hardin’s theory explained the inherent contradiction between private ownership of 
livestock and communal use of range resources, ultimately leading to irreversible 
ecological degradation. 
From the risk-averse perspective, the Tigre and Hidareb herders practice a 
strategy that allows them to cope with the ecological stress caused largely by exogenous 
factors like the erratic nature of rainfall (see chapter 1). Accordingly, the pastoralists 
support mobility as a strategy in the search for water and grass. They also favor 
communal ownership of range resources, while they oppose fenced ranches and 
encroachment by cultivators, as these curtail mobility. In risk-averse pastoralism, 
therefore, the pastoralists first accept the risk of hazards occurring. Second, they make 
every effort to ensure that hazards are avoided altogether (for example, by moving their 
herds to where they think pasture and water are available) or attempt to minimize the 
effects of the crisis by spreading the herd across a large geographical space. From the 
point view of risk-aversion, therefore, the herders employ both human and herd mobility 
as a strategy to avoid the worst effects of climatically stressful periods.  
The persistence of well-established territorial alliances between the various 
pastoral groups of Eritrea also helps reduce conflicts over resource-use in the free ranging 
system. Unlike most of the pastoral groups in East Africa, cattle raiding and ethnic strife 
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are not common among Eritrean herders. Both the crisis mitigation mechanisms and the 
societal controls that are enforced through the traditional power network act as checks to 
the tragedy of the commons. The mode of production for the study groups appears to be 
influenced more by density-independent factors (e.g., climatic variability) than by 
density-dependent factors (e.g., stocking rates and grazing pressure). Hence the strategies 
adopted by the herders are less damaging than would be assumed under Hardin’s theory. 
 One of the central elements in the utilization of range resources is the mechanism 
employed in decision making to resolve conflicts. Disputes among the pastoral groups 
over water points and grazing grounds are rare phenomena as a result of well-established 
territorial alliances. Water and pasture are also perceived as a “free gift of Allah” to all 
men, and this belief on the part of the pastoralists reduced tensions in resource utilization. 
In addition, the mechanism by which range and water resources are used on a seasonal 
basis has enabled the local people to uphold a generations-old tradition of mutual 
cooperation.  
There are, however, incidences of conflict over land between the agro-pastoralists 
and the adjacent farming population. Unlike in the highlands, where land-use is precisely 
defined for grazing and cereal production, there is no such strict space limitation among 
the pastoralists of the lowlands. The traditional free-grazing system sometimes brings the 
herders in conflict with the farming population as animals are found grazing on cropped 
land. For the purpose of resolving disputes, the local people make use of a traditionally 
established order called zerea. This is an institution comprising elders who reflect 
characteristics of good speaking ability, problem-solving ability, and generosity. The 
initial step in zerea involves placing the animals found destroying cropland under the 
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control of the community leadership. Next, a group of elders representing the community 
come together and work towards a solution that may satisfy both the defendant—in this 
case, the owner of the animal—and the one who claims to have been victim of the act. If 
the elders fail to reach an agreement, the case is brought to the attention of sherea, an 
officially recognized religious court for the Muslims that is authorized to make final 
decisions.        
5.4 Conclusion 
During the field survey, I gathered information on the specific patterns of 
mobility using both structured interviews and intensive participant observation. Herd 
mobility was found to be a critical factor in determining the supply of forage and the 
number of animals that can be kept in an area. Tigre and Hidareb households invariably 
move to places with abundant resources, though the pattern of movement varies widely 
between the different systems of livelihood (pure-pastoralism vs. agro-pastoralism) and 
over time (dry vs. wet seasons). For the transhumance pastoralists, movements are 
upward and downward on a seasonal basis, while for the nomads it is horizontal, 
sometimes involving long trekking distances. The patterns of mobility were therefore 
regular and orderly in the agro-pastoral area, whereas in drier areas of Kerkebet they 
were highly variable and most often unpredictable. 
Several variables, including pasture, water, expansion of agriculture, and local 
perceptions, were analyzed to illustrate how individual factors cause variations between 
households in making migration decisions. Most of these categories were fully examined 
and discussed by Dyson-Hudson (1980) in other East African pastoral contexts. But some 
of the variables used to define pastoral movement in early works were not considered in 
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this study. For example, mobility due to security reasons (e.g., avoidance of tribal raiders) 
was not considered in the regression model because this has virtually no effect on the 
decision making process among the Tigre and Hidareb pastoral groups. The results of the 
regression analysis strongly supported the hypothesis that the search for pasture explains 
the variation in decision making in the pure-pastoral region of the study area. Increased 
migration was observed during dry seasons as the search for water and forage intensified. 
The study revealed that on average a nomadic household has to trek its animals 59.5km 
(37.1mi) to water sources during dry period compared to 6.4km (4mi) prior to drought. 
The pastoral groups have adopted traditional ways of mitigating the effects of 
environmental crisis through community and managerial strategies. These include sales 
of livestock, species diversification, herd splitting, supplementation, and borrowing. 
Their responses also include increasing migration distances, changing migratory 
destinations, and altering the location of dry season grazing areas, and diversifying into 
food crop production. The mechanism by which pasture and water points are utilized on a 
seasonal basis has enabled the pastoralists to uphold the long-standing traditions of 
mutual cooperation. The herders practice range management techniques, including 
pasture rotation, to save forage for critical periods. Apart from such large-scale rotations, 
the herders also have rules regulating the frequency of daily movements, enforced 
through the traditional power of leadership and through the need for acceptance of 
community traditions. 
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CHAPTER SIX  
LIVESTOCK MARKETING AND SURVEY OF SPATE IRRIGATION SYSTEM  
6.1 Introduction 
This chapter addresses the role of livestock marketing in the economic and social 
lives of the pastoral communities studied and discusses the ways wealth differentials 
between households shape livelihoods. It also analyzes the way small farmers in the agro-
pastoral area tackle production related problems and assesses the changing food system in 
the region as a result of modern spate irrigation.   
Livestock marketing plays a significant role in the economic and social lives of 
the pastoral communities surveyed. It allows them to exchange their animals and/or 
animal products for cash used to buy essential commodities and services, such as food 
items (cereal grains), clothing, and breeding stock. Money from livestock sales also 
supports community duties (wedding and gifts) and government obligations (annual 
livestock tax). Since the marketing pattern in the study areas is highly localized, both the 
sellers and the buyers belong to the Tigre and Hidareb tribes; business transactions with 
people living in other geographic territories is highly limited. 
Assessment of the performance and efficiency of the livestock marketing system 
required first-hand observations in order to properly analyze and interpret the time series 
data collected by the enumerators (Swift 1982). The procedure used in data gathering for 
this study therefore included structured interviews, on-site observation, and a series of 
discussions with livestock marketing experts at the Ministry of Agriculture (MoA). The 
primary data on livestock sales and purchases were categorized and analyzed under two 
major aspects. The first aspect dealt with an assessment of the supply and demand 
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conditions in the market centers selected for the study. The second aspect involved 
establishing a price database as animals were transferred from producers to primary 
markets, to secondary markets, and finally to terminal markets where they were 
slaughtered and/or exported live. 
The household questionnaire survey was the main source from which primary 
data were gathered from the sampled household heads. The survey recorded specific 
information on the average number of animals marketed and their prices. The volume 
offered for sale during different climatic phases was also considered to see how the 
market supply was affected by seasonality. The prices received by the producers were 
used to analyze the relationship these have with income and expenditure patterns of the 
households. Data from secondary sources, largely from MoA sample surveys and from 
personal communication with experts, were used to assess the marketing practices of the 
pastoral people. Finally, the destination and mode of transport used were recorded, 
because these were good indicators of the direction and magnitude of stock flow and the 
importance of trekking or trucking over time.  
Little (1982) observed that much of the research about pastoral communities in 
the past paid insufficient attention to the economic disparities tha t exist at a household 
level. He further argued that the tradition that tends to emphasize equality among the 
herders has contributed to this apparent bias. In recent times, however, there has been 
increasing recognition of the extent of wealth differences within the herders, and the 
egalitarian nature of East African pastoralists is seen to be changing, with new findings 
emphasizing inequalities in livestock holdings (Roth 1990; Holden et al. 1991). It was 
therefore important for this research to study the wealth heterogeneity of the pastoral 
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communities because this helped the understanding of variations at the household level 
regarding household economy and resource management strategies. Wealth differentials 
were also important because they revealed how different segments of the pastoral society 
have been affected by development interventions such as the spate irrigation project in 
Sheab.  
An estimated 70 to 80 percent of the population of Eritrea depends on crop 
production, livestock, and fisheries for its livelihood (FAO 1997).  Agriculture’s 
contribution to the overall gross domestic product (GDP) is high, which suggests that 
attempts to improve the economic situation of the country needs to focus on boosting the 
productivity of small-scale farms. The government’s macro policy currently gives 
priority to food security through the introduction of Integrated Mechanized Farming 
(IMF), which is essentially the diffusion of modern farm technology in areas that are 
believed to be of high agricultural potential.  
6.2 Livestock Marketing System in the Study Areas 
During the field survey, I found it important to gather data from a network of 
livestock markets rather than from a single market in order to understand how the 
marketing system functions at different links. The first phase of this survey therefore 
involved the identification of those primary exchange centers, which could be included 
for detailed analysis. In addition, information from the extension staff was used to 
estimate roughly the volume of different species of animals offered for sale on each 
market day. 
The country’s livestock marketing system has three different levels, which are 
easily identified by the function each performs.  At the primary level, the pastoralists are 
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the key players, selling their animals to other producers or to local businessmen. At the 
secondary level, most of the transactions take place between traders and local butchers. 
Finally, the main function of the national markets is the export of live animals. Table 6.1 
summarizes the various attributes for the types of livestock markets. 
The volume of livestock offered during each market day (supply) is the function 
of several factors. First, the need for cash on the part of the pastoralists and the strength 
of the demand for their animals influence the daily supply. In general, the number of 
animals sold at each market center increases with an increase in the households’ desire to 
purchase food or non-food items. For example, livestock marketing is intensified during 
Muslim religious holidays when almost every household needs cash for food items and 
clothing. The numbers of buyers and the prices they are willing to offer for the animals 
also have a strong impact on the behavior of the marketing system. In other words, the 
strength of demand for the animals and animal products on the consumers/traders side 
influences livestock supply during market days. Second, the local peoples’ expectations 
of the nature and length of the dry and wet seasons affect the market supply of livestock. 
During dry season, the pastoralists tend to sell more livestock to meet the high demand 
for cereals. On the other hand, anticipation of a good rainy season usually causes the 
pastoralists to stay away from marketing so that they can fetch better prices later. Finally, 
interventions such as horticultural expansion shape the livestock-marketing pattern in the 
study areas, as the shortage of forage resulting from the loss of pastureland forces the 
herders to sell their assets. The effect of agricultural and horticultural encroachment on 
the marketing system of the Tigre and Hidareb herders is not to be exaggerated however, 
as the amount of land currently turned to cultivation is insignificant (see chapter 5). 
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Table 6.1 
Characteristics of livestock marketing system in Eritrea 
 
Type of Market Sellers Buyers Purpose 
Primary collection 
markets 
Producers         
(Pastoralists)    
Other producers 
Local butchers 
Traders 
Stock replacement 
Slaughter 
Resale in regional markets 
Secondary 
distribution markets 
Producers 
Traders 
Traders 
Local butchers 
Traders 
Slaughter 
Resale in terminal markets 
Terminal markets Traders Slaughter houses 
Traders 
Slaughter 
Export 
 
Source: MoA Livestock Marketing Division, 2001. 
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In summary, the way livestock marketing operates at a local level and the responses to 
specific supply and demand conditions were found to be consistent with sound economic 
behavior.  
6.2.1 Livestock Sales 
· Small Stock 
Small stock animals meet the need for households’ meat consumption, and they 
are also quick means of obtaining cash income. They are the only species that could be 
milked by young children, who usually consume the milk. Goats and sheep start 
producing milk at the earliest period of the wet season, unlike the large stock animals, 
which do not respond quickly to the new forage conditions. Although Dahl and Hjort 
(1976) observed that the main purpose of cattle and camels is to produce milk for 
consumption while small stock animals are kept primarily for the production of meat, and 
although Tigre and Hidareb herders also tend to give importance to species type, no such 
strict dichotomy between the animals is observed: the livestock serve multiple functions 
to these pastoral communities. In general, therefore, cattle and camel contribute more to 
milk and even to meat production under certain conditions. The small stock, on the other 
hand, bring in more money than large stock, although cattle were nearly as important in 
this regard and to some households they were in fact more important during the drought 
period.  
There are two economic reasons for marketing goats and sheep more frequently: 
they are the quickest means of obtaining cash income in both normal and dry seasons and 
they also reproduce rapidly, which allows for a quick replacement of those sold or 
slaughtered. Matured buck or rams are most frequently marketed, but when the herders 
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are desperately in need of money (for example, in circumstances like the wedding of 
one’s daughter or son), pregnant females and young males are also sold. The live weights 
of the animals vary widely, with estimates ranging from a 7kg (15.4lb) kid to a 35kg 
(77lb) buck or an ewe. The small stock is sold consistently, but sales are intensified if a 
drought season is forecasted through the indigenous knowledge of detecting the direction 
of the prevailing winds (see chapter 5). 
· Large Stock  
Cattle sales, though less frequent, were much more important than camels as a 
source of cash income for the three sampled villages surveyed in the pure-pastoral region. 
The sampled households sold a total of 178 cattle in the year 2000 for a total amount of 
136,800 Nakfa (13,544USD). The amount of money that a herder can secure from selling 
a bull or a cow depends largely on how severe the climate is. During a normal period, the 
average price for a matured bull is 1600 Nakfa (158USD), enough to purchase 710kg 
(1562lb) of sorghum or clothing for the members of a household (based on the price 
indices established for animals and cereals during normal season). In drought season, the 
herders suffer from both an abrupt decline in cattle price and sharply rising prices for 
cereal grain. Calves and bulls are marketed more frequently, though potentially 
productive cows are also sold in time of stress. Camels were found to be the least 
important in terms of money transactions, partly because replacing them is difficult. 
During the 1999/2000-drought season only 14 percent of the sampled households          
(N = 90) sold camels (questionnaire survey). Slaughtering of camels also takes place 
under rare circumstances, though a slaughtered camel seems to provide a household with 
enough meat for many days.  
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For all livestock types, the average number of animals marketed in the study areas 
was higher in normal period than in drought. The average supply of small stock per 
sampled household was 6.01 in 1996/97 (pre-drought) compared to 4.56 in 1999/2000 
(drought). Similarly, the figures for large stock were 0.55 and 0.32, respectively. But a 
different trend appears when the number of animals marketed is considered in proportion 
to a household’s total possession. The pastoralists tend to sell a large part of their assets 
in times of crisis, though the absolute number of animals marketed is lower.  During pre-
drought, the sampled households in the Kerkebet study site sold roughly 18 percent and 
14 percent of their large and small stock possessions, respectively, while the 
corresponding figures for the drought period of 1999/2000 were 38 percent and 40 
percent. There was, however, inter-household variability, with the reduction in assets 
being particularly high for the poor herders due to lack of economic opportunities in 
times of crisis.  
The results of the questionnaire survey indicated that decisions to sell livestock 
are made by the individual Tigre or Hidareb households. Consultation among the 
household members (most often between a husband and wife) is also necessary to decide 
on matters related to the number and species of animals to be sold or on transfers and 
loans to other people. But the household head has no obligation to consult his other 
relatives or clan members on his decision to sell livestock for buying cereals and clothes 
or paying government taxes. The number and the type of livestock for sale are 
determined mainly by the amount of money required. For example, goats and sheep are 
sold before large stock if the money needed is not large. Keeping large assets such as 
cattle and camels is a rational strategy, as the acquisition of these animals necessitates 
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Table 6.2 
Mean livestock marketing for sampled households across different climatic phases 
(N = 90) 
 
Supply(Seasonal Average)   Average Price Per Animal/Nakfa/ Animal 
Species Normal Season Drought Season Normal Season Drought Season 
Cattle (M) 0.60 0.42 1956 1000 
Cattle (F) 0.89 0.49 2300 1687 
Camel (M) 0.33 0.14 6000 4700 
Camel (F) 0.40 0.23 8000 5300 
Goats (M) 6.31 3.78 75 59 
Goats (F) 4.78 3.58 124 88 
Sheep (M) 3.47 2.02 215 156 
Sheep (F) 1.49 0.87 253 186 
 
Source: Compiled from the household questionnaire survey, 2001. 
M = male; F = female 
1USD = 10.1 Nakfa 
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more time and high labor input. Most households, however, still do not want to sell a 
large number of small stocks at a time to meet their needs, as they want to maintain a 
diversified herd structure (personal communication with community leaders).   
Livestock sales with the aim of purchasing cereals and other non-food items is an 
important form of subsistence transaction that allows the pastoral communities to acquire 
what they do not produce. It is the chief means of obtaining cereal grains since the Tigre 
and the Hidareb pastoralists do not practice agriculture, although a few have started 
horticulture along the Himbol River. The herders also purchase non-food items (clothing, 
women’s beads, and rubber-tire sandals) and pay government taxes with the money 
obtained from animals sold. The most frequently purchased food items include sorghum, 
coffee, and sugar brought by merchants who mainly belong to the Tigre pastoral group. 
The prices for these items are highly subject to fluctuations, depending on the season.  
I analyzed the relative advantages of alternative consumption behaviors of 
pastoralists in times of food stress. These alternatives were selling animals for the 
purpose of purchasing cereal grains and slaughtering animals for meat consumption. It 
was assumed that each household spent on average two-thirds of the money from animal 
sales for purchasing food (confirmed through discussions with the local informants, 
though in reality almost all other expenditures are canceled in favor of purchasing 
grains). In this specific situation, only animals were considered as a primary source of a 
household’s food consumption during the drought period (though in reality, relief aid 
from the government and non-government sources was distributed to the local 
communities in the Kerkebet area, despite the complaint of short supply).  
 144 
 
 
 
 
 
A total of 921 small stock and 178 large stock animals were sold by the sampled 
households for a value of 227,163.00 Nakfa (= 22,430 USD) during the dry period that 
extended from September 2000 to July 2001 (Table 6.3). Based on the first assumption 
(i.e., two-third of the money from animals sold is used for purchasing food), the house- 
holds bought 31,882kg of sorghum at 4.75 Nakfa per kg. At 3,620 kcal/kg of sorghum 
(Lathan 1979), the total available kcal per household was computed to be 1,282,386       
(= 3620 * 31,882kg/90). With the average daily requirement of 2,300 cal per person 
(FAO 2000) and the average household size for the study area (see chapter 3), the cereal 
purchased with the money obtained from sales of animals would be enough to feed a 
person for 124 days.  
 A comparative analysis with respect to the amount of energy that would have 
been gained from slaughtering animals is presented as follows. Using the conversion 
factors of 236,000kcal per cow and 13,394kcal per goat (Lathan 1979), there will be a 
total of 12,335,874kcal from goats/sheep and 42,008,000kcal from large stock                  
(based on the same number of animals as in the first scenario). Based on the average 
household size and the daily human food requirement (2,300 kcal/person/day), a single 
person will have a supply of enough calories for 58 days. Regardless of the shortcomings 
of the analysis, the results show that the pastoralists were undoubtedly better off selling 
the animals to purchase cereal grains than slaughtering the animals. 
 In addition to economic reasons, animals are also marketed for non-food items 
ranging widely in a spectrum from household needs to fulfillment of societal obligations. 
The main items of purchase in this category include clothing (as opposed to skins widely 
used among several other pastoral groups in East Africa), rubber-tire sandals 
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(surprisingly, I didn’t come across a single bare-footed herder during the field work), 
native-produced containers made of wood and clay; and beads for women. Given the 
nomadic way of life, most of the items purchased are light and not numerous. The prices 
for these items range from an annual medical fee of 5 Nakfa (0.50 USD) to a woman’s 
dress at 300 Nakfa (30 USD). A pastoral household also spends part of its cash income to 
pay for annual government taxation, the exact amount being determined by the number of 
animals owned.  
6.2.2 Livestock Prices 
 Time series data on prices of livestock were among the important parameters 
collected during the field survey. Livestock prices per head for a given market had been 
collected from 90 sampled households in the pure-pastoral region of Northwest Eritrea. 
For the purpose of determining whether there were seasonalities in livestock pricing, the 
two main climatic phases (normal and drought seasons) were considered during the 
household survey. 
During any given period of time, there are a number of factors that exert influence 
on the prices of livestock. First, a prolonged drought season that results in food stress 
conditions induces more animal sales, which means reduced prices. On the other hand, 
the pastoralists refrain from selling a large number of livestock during the onset of rainy 
seasons, with the anticipation that animals could gain more weight and secure better 
market prices. Second, there were notable differences in prices as a result of age-sex 
attributes of the animals. Because of their advantages in milk production and 
reproduction, females generally fetched higher market prices than males. There are also 
age-price relationships in which prices increase with age up to a certain phase of the 
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animals’ life span, remain stagnant in middle age, and drop sharply during old age. Third, 
major religious holidays (Christian and Muslim) have a considerable market effect on 
livestock supply, demand, and pricing. This is particularly true for small-stock animals, 
with price increases of 60 to 65 percent of the annual average price during major holidays 
(the researcher’s personal communication with MoA marketing experts). Finally, 
livestock prices change considerably as animals are transferred from the lower marketing 
level to the next higher level (primary-secondary-terminal) because of the effects of 
varying demand on the part of the consumers at different locations as well as additional 
costs incurred in the process. 
  The attempt to control epidemic diseases through increased veterinary services 
and the plan to improve the rangeland conditions through closures are expected to 
increase the volume of animals marketed. Moreover, improved trucking routes between 
the pastoral areas and the major urban centers are expected to have positive impact on the 
number of animals offered on each market day. Currently, however, the high effective 
demand for livestock in major towns is tending to push prices upward. Regulatory 
policies and development interventions could influence the functioning of the livestock 
marketing system and hence price cond itions. At present, the Eritrean government 
doesn’t have such policies on livestock volume, flow, and prices for the pastoral areas 
(Omer 1993). As a result, supply of marketed animals and their prices are determined 
mainly through local transactions between the producers and the buyers/traders.    
6.2.3 Household Income and Expenditure Analysis 
 The way pastoralists derive cash income and the pattern of expenditures during 
different climatic phases have implications for assessing the security and viability of their 
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economies. Income levels are particularly important, as they influence the local people’s 
demand for manufactured goods and services. It is in this context that benchmark data on 
income and expenditures were collected for the sampled households in the Tigre and 
Hidareb social groups. To ensure that the samples adequately represent the income 
gradient in the community under study, wealth status in the target population were also 
considered.     
· Income and Expenditure Items 
 Tigre and Hidareb pastoralists could be regarded as a single entity in terms of 
lifestyle and the strategies they adopt during crisis time. There are, nevertheless, 
differences that tend to have a considerable impact on the income levels and expenditure 
patterns of the community members: degree of access to water points and grazing 
resources, extent of integration with commodity markets, and excess or shortage of labor.    
Researchers have used different data frequencies, ranging from a one-shot survey asking 
questions to estimate income and expenditure for a specified period of time to continuous 
daily recording over a long period of time (Bekure 1988).  For this study, data gathering 
on a shorter time span basis was found to be more reliable and accurate than using a 
recall method for a longer time span. Even after using a short-term easier-to-recall 
method, the respondents could account for only part of their income.  
The process of collecting information on the herders’ income and expenditures 
were complicated for several reasons. First, one must rely on the memory of the 
respondents, resulting in some degree of error during reporting, though incomes were 
relatively less complicated than expenditures. Second, the respondents most often 
underestimated their cash income, in fear of high government taxation and to avoid the 
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risk of losing relief aid. This is a typical problem faced by researchers working among the 
pastoral groups in East Africa. For example, Swift (1982) noted that enumerators were 
only partially successful in recording those details of household daily transactions as 
there was inevitably some resistance to such detailed questioning and at times clearly 
false information was given or important transactions were concealed. In consideration of 
the shortcomings involved at the various stages of the research, the field assistants were 
trained carefully so as to reduce the magnitude of error during the questionnaire survey.  
For the purpose of constructing an income index for the sampled households, an 
inventory of the average number of animals marketed during both normal and drought 
seasons was computed. Information on extra income generating activities, such as small-
scale trade, wage labor, and selling of wood products, was also collected during the 
survey, to allow quant ified analysis. Sources of household income items included sales 
from livestock and livestock products (animals, milk and milk products, hides, and skins), 
agro-forestry products (crops, wood, and charcoal), small-scale trading and wage labor, 
and other cash inflows (remittance), while expenditures consisted of food, medical care, 
clothing, transport, livestock and livestock inputs, and other cash outflows such as loan 
payments.  
Livestock constituted an important source of cash income for both the nomadic 
and transhumance pastoralists in the study areas, though its contribution varied depending 
on the conditions of aridity. During the normal period, a sampled household earned a 
mean annual income of 2,469 Nakfa from animal sales, but this increased to 3,508 Nakfa 
during the crisis period (29.6 percent). The herders obtained part of their annual income 
from other sources, including wage labor and small-scale business activities, which also 
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showed an increase during the crisis period. An important distinction exists between 
household income and household per capita income with regard to cash obtained from 
sales of livestock. In the Kerkebet study area, for example, an individual will begin to 
possess cattle from the time of marriage. His livestock holdings initially remain low and 
increase with age. In the later part of his life his possession declines as it is redistributed 
among his sons. Thus it may be speculated that young household heads who are childless 
couples tend to have high per capita income from animal sales. On the other hand, the 
growth in the number of dependents could lead to a reduced per capita income, even 
though the head’s income increases with time. 
· Consumption Pattern  
On the expenditure side, people tend to spend more on cereals during dry periods 
to make up for the reduced output in milk, while spending on coffee, sugar, and tobacco 
are consistently high regardless of the environmental conditions. A change in 
consumption behavior patterns has been observed for the pastoral communities, which 
has in turn affected expenditure patterns. The majority of the pastoral households had 
very little demand for cereals in the past, but a new trend in consumption behavior has 
resulted since the 1984/85 major drought, as more and more households tend to depend 
on grain cereals. In other words, milk, which once had been the most abundant and 
frequently consumed food item, is being replaced by wheat, sorghum, and millet. The 
other factor in the expansion of grain purchase is the shift to a more sedentary lifestyle. 
The long war for independence forced many pastoral households to flee to an unfamiliar 
environment that, in turn, was a disincentive to practice nomadism. As observed by 
Bassett (1986), the shift to semi-transhumance increased the consumption of goods: 
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pastoral households must now purchase daily supplies of water, firewood, as well as 
additional grain to offset the decreasing percentage of dairy products in the diet. 
Declining milk and meat products have also led to increased consumption of sugar, the 
other basic foodstuff that supplies a considerable proportion of the energy requirement of 
the households. As a result, sugar is becoming one of the main expenditure items for 
most households in the study area. In his recent farm survey of the agro-pastoralists in the 
Sheab area, Natarajan (2001) described the community members as less thrifty and 
probably living beyond their means in terms of commodities purchased, such as clothing, 
coffee, and sugar. 
6.2.4 Constructing Wealth Differentials for the Sampled Households  
The results of both the questionnaire survey and the semi-structured interviews 
with community elders confirmed inequalities in wealth distribution among the Tigre and 
Hidareb pastoral groups. Number of animals was the single most important parameter 
that defined a person’s status in the community. In Tigre culture group, for example, the 
word neway implies property but is most frequently used to refer to livestock possession, 
which is the primary indicator of a person’s wealth status. The respondents in the study 
area had similar perceptions and expectations with respect to wealth classification of the 
members in their community.  
The difficulty of obtaining reliable data, however, was a major limitation in 
analyzing wealth differentiation within the pastoral communities.  Animal censuses are 
difficult to carry out in the study region because the producers are usually hesitant to 
have their animals counted due to fear of government taxation or simply because of the 
cultural taboo against the counting of animals. The other difficulty with counting animals 
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is they are found scattered in different management units. As a result, the number of 
livestock kept around the homestead does not match those actually owned by the 
household. In addition, the logistic problems created by long distance movements add to 
the cost of enumerating animals.  
In spite of the above difficulties, a structured questionnaire that contained both 
open-ended and close-ended questions was administered to determine livestock 
possessions of the sampled households. Each respondent was asked to provide data on 
livestock holdings, livestock marketing, income, and expenditure patterns across two 
major climatic phases. The data collected through the formal interviews was 
crosschecked with the results of the sample survey conducted by the Kerkebet MoA in 
order to assess data quality.  
Cattle and camels were decisive in defining wealth ranking in the Tigre and 
Hidareb communities, while goats and sheep were perceived as secondary. The study 
groups have traditional ways of identifying the economic status of their members based 
on the two major wealth strata, rich and poor. For example, according to Tigre elders a 
typical nomadic household should own at least 30 camels, 50 cattle, 100 sheep, and 150 
goats to be classified as “wealthy”, while the corresponding figures for “poor” are £ 2 
camels, £ 2 cattle, £ 15 sheep, and £ 15 goats. A pastoralist who owns a herd size 
between the above two extremes is labeled as “ok”, implying a middle class position. 
This method of ranking wealth status among Tigre members had led to a formation of a 
social group called meshayik, which comprises the rich and respected members of the 
community. Members of the meshayik group are active participants in herding as well as 
in trading, which represents them as people with diversified economic opportunities.  
 152 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.3 
Inequality in livestock distribution among the sampled households in the    
pure-pastoral study area 
 
Category No. of 
Households 
% 
Total 
Cattle 
(TLU) 
Camel 
(TLU) 
Goats 
(TLU) 
Sheep 
(TLU) 
% 
Total 
Category I 7 8 120.2 40.5 13.7 12.6 22.3 
Category II 28 30 245.3 91.4 36.0 31.4 48.2 
Category III 55 62 122 22.9 57.4 43.3 29.5 
 
Source: Compiled from questionnaire survey, 2001. 
TLU = Tropical Livestock Unit  
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The above table presents livestock distribution as a way of expressing inequality 
in the study groups. In each type of animal species, there was a marked inequality in herd 
size possession between categories, which can be taken as an indicator of wealth disparity 
between the households. The herders in category III, which form the majority of the 
sampled households (62 percent), possessed less than one-third of the total livestock, 
while 8 percent of the herders (category I) owned one-fourth of the total livestock 
population. The disparities become even more spread during severe dry periods because 
of the high magnitude of animal loss for poor herders through mortality, marketing, and 
slaughtering.  
The variability in livestock holdings between the community members was the 
result of several factors. First, the number of small/large stock animals inherited or 
received from relatives and close friends during the initial stage of household formation 
exerts an influence on the future process of wealth build-up. This can be demonstrated 
with the help of a hypothetical situation of two newly formed pastoral households, A and 
B. Initially, household A received 4 animals and household B received 7 animals from 
their respective families or clan groups. The wealth-building process proceeds under two 
alternatives. The first alternative refers to short-term progress when the proportion of 
animal holdings between the two households remains essentially the same. For example, 
in a short-term situation, livestock possession may show no change, or may show a two-
fold increase for each household (i.e., 8 and 14) or even a three-fold increase (i.e., 12 and 
21). Under the second scenario, the proportion that was maintained at the earlier stage 
between the two households is disrupted, in which case herd building in the long run may 
be faster or slower for one of the households for several reasons, including external 
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assistance and appropriate coping mechanisms adopted during crisis times. In general, a 
household with large capital formation at the earliest stage has a better chance for a rapid 
growth than a household with little or no such asset. 
Wealth differences between Tigre and Hidareb pastoralists shape their livelihoods 
in various ways. A household with a large number of animals, for example, enables and 
necessitates a large family size, usually realized through polygynous marriages. Large 
livestock possession also means better access to cash flow and a higher chance for 
managing a diversified household economy. Moreover, rich households have varied risk 
management options in terms of herd splitting and lending animals during crisis periods. 
The research results further indicated that wealthy households have better access to 
production parameters, including water points and grazing resources, even under the 
conditions of communal resource ownership.  
Table 6.4 provides background information on livestock possessions for the 
sampled household heads, categorized here as poor and rich. It shows that the rich 
households possess roughly nine times the number of large ruminants than in poor 
households. On the other hand, poor households owned proportionally more goats and 
sheep, with a small stock to cattle ratio of 12.8, compared to 1.6 for rich households. A 
considerable size of sampled households (47 percent) reported sales of small stock as the 
only source of cash income. This is consistent with the research findings for many 
pastoral areas in Africa where poor pastoralists place far more emphasis on goats and 
sheep than do the wealthier producers (Spicer 1999).  
Differences in labor supply between the strata are also clearly shown in Table 6.4. 
The rich households have more members, and thus autonomy in decision making with  
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    Table 6.4 
              Production unit heterogeneity of the sampled households in the pure - 
              pastoral study area 
 
Category of Sampled 
Household 
Production Parameters 
Rich Poor 
Livestock Holdings   
       Number of cattle 10.9 1.2 
       Number of camels 5.7 0.4 
       Number of small stock 16.9 14.5 
       SS to cattle ratio 1.6 12.8 
Labor inputs   
       Total AAME 5.08 3.56 
       Ratio of cattle/AAME 2.14 0.33 
Income and expenditure   
       Income from LS (EN) 4160 1880 
       Food expenditure/year (EN) 5800 3200 
 
               Source: Compiled from the household survey, 2001. 
                  AAME = Active Adult Male Equivalent; EN = Eritrean Nakfa; 
               HH =Household; LS = Livestock Sales; SS = Small Stock  
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respect to watering or grazing activities. Rich households benefit both from economies of 
scale, through possessing large herds, and from their ability to control the labor pool 
outside their households, expressed in terms of AAME (Active Adult Male Equivalents). 
But they have to spend long working hours on livestock management too, as they have 
high cattle to AAME ratio, i.e., more animals per worker. Rich households also have 
higher per capita income from animal sales, enabling them to spend more on food and 
non-food items than the other stratum. In sum, pastoralists of varied wealth ranks differ 
from each other in a variety of ways, including access to essential elements of production, 
herd composition, and management techniques.  
Most of the sampled household heads (68 percent) reported that they have 
experienced a downward shift in wealth class in recent years. A small percentage            
(7 percent) made an upward movement, while the remaining responded that they had 
remained more or less in the same wealth class. Drought and the long political unrest in 
the country were cited as the main causes for the downward shift observed. Those who 
reported high living standards suggested economic diversification by way of small-scale 
business as a key factor for improved livelihood. For most part, wealth accumulation in 
the study areas was made possible through diversification rather than through 
specialization. As a result, the community members in the upper wealth hierarchy 
actively engage in both livestock economy and small-scale business. The general trend of 
the survey on wealth differentiation also suggests that the traditional pastoral system is 
less and less capable of supporting the future livelihoods of Tigre and Hidareb. All the 
sampled households for this research confirmed that the availability of milk has declined 
drastically since the major drought of 1984/85. Most respondents (72 percent) are 
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becoming dependent on purchased cereals or on assistance obtained through relief aid 
due to the decline in supply of food from their animals. Unlike several pastoral groups in 
East Africa who lost part of their grazing land to cultivation (Desta 1999), the Tigre and 
Hidareb herders did not complain of encroachment by agriculturists or horticulturists as a 
main factor in the declining pastoral economy. 
To cope with emerging drought situations, the pastoral groups in the study area 
are attempting to diversify their income base through various initiatives. The survey 
indicated that 37 percent of the sampled households were involved in some form of extra 
income-generating activities, including horticulture, petty trade, and wage- labor. Some of 
the activities appear to be a spontaneous response to drought- induced food shortages (e.g. 
cattle trading), while horticulture and wage- labor are increasingly becoming important as 
tools for a transition from nomadism to a diversified way of life. Age and level of 
awareness of herders for alternative lifestyles have had also impact on involvement in 
non-pastoral activities. The results of the survey showed, for example, that young men 
from Kerkebet study region are increasingly migrating to a place called Salaa  (Fig. 1) 
looking for employment opportunities at the gold mining site. This is a recent trend and 
more herders can be expected to engage in non- livestock income-generating activities as 
more community members are ejected from the pastoral system as a result of livestock 
loss to drought.  
6.3 Survey of the Spate Irrigation System 
 Traditional irrigation techniques have been practiced along the coastal plains of 
the country for the last century (Tesfai in Hadera 2000). The seasonal streams that spring 
up along the eastern escarpment of the central highland flow toward the lowland, 
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supplying enough water for irrigated fields, locally called jerrif. The run-off from the 
highlands also transports a huge amount of sediments and nutrients, forming a thick layer 
of rich alluvial soils in the lowland. The flood seasons, therefore, enable the local people 
in the lowland to practice agriculture as a supplement to the traditional livestock 
economy. This section describes the integrated features of small-scale crop production 
and modern irrigation practices for the drought-prone area of Sheab. The data (both 
quantitative and qualitative) for the farm households have been generated through formal 
interviews with sampled individuals, and through discussions with the extension workers 
and local informants. 
6.3.1 Production Parameters and Crop Yield  
· Farm Size 
  Evidence from many countries has indicated that progress in agriculture is 
possible under a great variety of farm size conditions, implying that farm size is neither a 
pre-requisite nor an obstacle to an increase in crop yield (Arnon 1987). In a traditional 
farming system like the one at Sheab, however, crop yield for a household is strongly 
linked with the amount of landholding. The local unit for measuring farm sizes in the 
study area is called tsmdi, equal to that amount of land ploughed in a single day by a 
single farming household. Its size is highly subject to variations, as it is influenced by 
several factors. First, the nature of land under which cultivation takes place is important, 
as soils with high level of stonage are ploughed with difficulty thus resulting in a reduced 
size for tsmidi. Second, the relative strength of the draught animal used is also a factor 
because the thick alluvial deposits in Sheab require animals with strong traction power. 
Camels are less capable than oxen of tilling land with thick silt deposition. For this 
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reason, the type of animal used for ploughing accounts for variations in the size of tsmdi. 
Finally, the labor pool available to a household and the length of working hours expended 
on the farm plots also contribute to the existing variability in the local measuring unit of 
tsmdi. Attempts were made during the fieldwork to determine the average size of a single 
tsmdi in consideration of those factors causing variability. Field measurements were 
carried out on farm plots of different soil quality as well as on plots tilled by different 
animal species. One tsmdi was found to average 0.45 hectare. The total farm holding for 
a household is therefore the product of the number of plots it possesses and the estimated 
size for a single farm plot (total holding = number of farm plots * 0.45 hectare). 
 Land was equally allotted to the farming households by a committee of elders 
regardless of the size of each household. The computed coefficient of variation showed 
lower disparities (CV = 0.29) between land holdings and household sizes, which 
indicated that farmland distribution in study area has been carried out on a generally 
equal basis in accordance with the 1994 Land Proclamation (This is a proclamation by 
the Eritrean government that introduced readjustment in size and location of farm 
holdings in the study area). For the agro-pastoralists in the Sheab study site, farm sizes 
have changed significantly over time. The holdings for the household heads across three 
points in time—1980s, 1990s, and 2001—were obtained through structured interviews. 
The results showed that the average size of a plot allotted to a household had drastically 
declined through time. The main factors that led to this decline are as follows. First, 
population increase in the area has resulted in the formation of new households from 
amongst the existing ones, which has initiated land redistribution to accommodate the 
landless. Second, the recurrent droughts in the area have led to ecological deterioration, 
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resulting in the conversion of a considerable portion of the arable land and pastureland 
into barrens. But due to lack of stereoscopic analysis on the land-use/land-cover, it was 
difficult to quantitatively determine the overall effect of climate change on the farming 
system of the area. Instead, historical diagramming and a series of discussions with the 
elders who have lived in the area for a long period of time were sources that provided 
clues on the changing patterns of the land-use system.  
· Draught Animals 
 The absence of improved implements and farming techniques has always been a 
constraint to increased yield among the subsistence farmers in the study area. The local 
people rely heavily on draught animal power for traction purposes, except for infrequent 
use of modern machinery by a few households on a rental basis. Oxen and camels are 
used for tillage and for threshing crops, and less frequently they are sold for cash or 
bartered for other commodities during acute food shortages. Furthermore, these animals 
provide dung out of which the pastoralists make dung cakes for fuel and for the making 
of household articles by mixing it with earth. Other livestock in addition to oxen and 
camels are involved in the dung economy, including cows and donkeys. As a result the 
use of dung is socially and economically predominant in the study areas.  
Unlike in the agricultural region of the western lowland, camels in the agro-
pastoral region of eastern lowland are not widely used for traction purposes for two 
reasons. First, the thickness of the soil in the Sheab area necessitates deep tillage so that 
the part of the soil profile with enough moisture is exposed to the surface. This requires a 
lot of energy, for which camels are less capable than oxen. Second, ploughing using a 
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camel requires additional labor, as a camel needs to be guided by someone to make sure 
tilling takes the correct path.   
In view of the dominant position of the families with small farm holdings, owning 
draught animals is crucial, because this determines, to a large extent, the household’s 
income from crop production. The survey showed, however, that many households 
possessed no draught animals, as supporting them is often difficult due to the short 
supply of fodder. Such circumstances usually force the local people to look for 
supplementary feed, including crop residue, which in most cases is not enough to feed the 
bigger ruminants. In other words, the problem lies in the relationship between the size of 
farmland a household needs for crop production and the amount of land required to 
supply enough fodder to support its animals. The average farm holding for a household 
can be ploughed with just a pair of oxen or a camel; the straw available from the crops 
planted on the same land, however, is not sufficient to provide fodder for these animals. 
Moreover, given the diminishing resource base of the area, the materials used for 
constructing houses (straw and crop residue) have negative consequences on the 
availability of supplementary feed for the livestock (see chapter 3). 
 The ecological disequilibrium brought about by drought is a major constraint to 
draught animal possession. Even if the oxen and camels may be able to survive the crisis 
period, some households may be forced to sell them in order to buy cereal grains. 
Borrowing cash to cover food expenses is one way of surviving, but it is not always a 
viable alternative since rural money lending dries up in time of serious food shortages. A 
household faced with a loss of capital equipment usually looks for a rental arrangement 
with someone who owns a pair of oxen. In most cases the owner of the land receives  
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one-third of the crop produced, while the owner of the farm implements receives two-
thirds of the crop (personal communication with the informants). The recent introduction 
of modern farm machinery in the area, however, is gradually transforming the long 
tradition of using animals for traction purposes and has greatly helped in boasting yield 
and lessening the rural household burden.    
· Crop Yield  
The traditional agriculture in the study area has been able to provide subsistence 
to a farming community for a long period of its history (personal communication with the 
elders). Crop yields were sufficient to feed the local communities at an acceptable level, 
as population had no excessive pressure on land. But the ability of traditional agriculture 
to produce even at a subsistence level decreases when population growth overtakes the 
possibility of expanding land for cultivation.  This implies that supporting more people in 
the study area could be achieved either through bringing more land under cultivation or 
by increasing productivity per unit of land. 
The typical characteristics of crop cultivation in the study area, as elsewhere in 
the country, are subsistence largely dependent on the erratic nature of rainfall. Production 
lacks consistency, and as a result, seasons of meager crop production, absolute failure, 
and relatively high production occur alternatively with no predictable pattern. This 
phenomenon creates a vicious circle whereby agriculture produces barely enough for 
survival and cannot therefore make a substantial contribution to the economic welfare of 
the households. The agro-pastoralists are thus inevitably poor and their economies remain 
stagnant. The local people produce enough for the basic requirements of the family, with 
few inputs needed for further production such as seeds and animal feed. If a surplus is 
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available, it may be sold or bartered in order to purchase those necessities that the farmers 
cannot produce. The produce may also be sold to obtain cash for taxes, repayment of 
debts, and to meet certain social obligations. Though crop yield is extremely low in 
general, there are variations among the households as a result of several factors, including 
the location of farm plots on the rich alluvial deposits, access to sufficient supply of 
water, and high labor inputs for building as well as for maintaining a traditional diversion 
canal. 
Table 6.5 presents the calendar for the seasonal production cycle of in Sheab area. 
The farm season begins in September as sufficient amounts of moisture in the soil makes 
ploughing possible. This is also a time of food shortage for most of the households. 
December to January is a harvesting season leading to high food consumption for social 
and religious celebrations. February to March is a period for the second harvest from 
“small rains,” and in spite of meager crop output during this season most families are in a 
good food situation partially supplemented from the previous harvest. The main flood 
diversion canal and the distribution structure are maintained from February to June. 
During these months many households are left with minimum food supply. Between May 
and August, seasonal migrations to the highland take place as a result of harsh 
environmental condit ions, including extreme temperatures and storm desert winds. The 
peak labor period on the seasonal calendar for the agro-pastoral area is between January 
and February, which is a harvesting season as well as a time for constructing flood 
diversion structures.  
The main crop is sorghum, which is well adapted to the agro-climatic conditions 
of the area. It has a deep and well-branched rooting system, which makes it efficient in 
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Table 6.5  
Seasonal production cycle of agro-pastoralists in Sheab study site 
 
Period Environmental 
Conditions 
Farming 
Activities 
Food Cycle 
 
September- 
November 
Soil moisture 
level permits 
ploughing 
Beginning of 
farm season, 
land preparation, 
seeding 
Food supply for most households 
exhausted, causing periodic food 
shortage  
 
December-
January 
Optimum plant 
growth condition 
Harvesting of the 
main crop, 
sorghum 
Abundant food supply, high 
consumption during religious 
festivals 
 
February- 
March 
‘Small rains’ A second harvest 
from the 
previous plant by 
ratooning 
Most households in good food 
situation, partially supplemented 
from the previous harvest 
April-May Hottest months of 
the year 
No farming 
activities 
Most households left with 
minimum food supply 
 
 
 
 
May-August 
 
 
Hottest months of 
the year, 
maximum 
temperature often 
exceeds 
40oC.Main rains 
causing summer 
run-off 
Extreme temp.  
dust and storm 
winds creating 
unpleasant 
working 
environment 
Seasonal migration to the 
highland, food supply 
supplemented with beles, livestock 
selling intensified during this 
period. 
 
Source: Participatory Rural Appraisal, 2001. 
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extracting moisture from drying soils. Ijere, which has been recently introduced from 
Sudan, is the most preferred variety among the local people. Depending upon moisture 
availability in the soil, a second harvest of sorghum can be obtained from the same plant 
by ratooning (a new shoot from a root of a cropped plant). In a good flood season, maize 
is planted right next to the first harvest of sorghum; farmers get more from the maize crop 
than from the second sorghum crop. The harvested crop is left to dry completely before 
threshing is done.  Storage facilities are traditional and the crop is usually stored in 
woven containers or in sacks. Estimates put the post-harvest losses in the Sheab agro-
pastoral area to be as high as 25 percent (Negassi et al. 2000). Weed seeds are carried 
through run-off from the highland, causing heavy infestation in the cultivated fields. The 
weeds are left to grow, and weeding takes place only when the people are in need of 
supplementary feed for the animals.  
Two major features can be observed with respect to the cropping pattern in the 
study area. First, the area has experienced a significant reduction in production over time. 
Second, the diversified nature of the production pattern has gone through a change, and 
several types of crops were no longer produced during the 2000/01-harvest season. The 
decline in the production pattern for the agro-pastoral area in terms of both crop type and 
crop yield is attributed to the following major factors. First, several insect types have 
been identified as having adverse effects on the quality and quantity of crops produced 
(personal communication with the animal expert at Sheab MoA branch). These include 
head bugs (sucks the grain at milk stage), stock bores (the main shoot is damaged at early 
stage), and aphidis (hinders photosynthesis by covering the stomata over the leaves). 
Second, as the farming system of the area uses traditional methods and implements, the 
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production level for a household is strongly linked with the amount of landholding at its 
disposal. The reduction in sizes of farm holdings through time has thus resulted in 
decreased crop output. The problem of soil degradation in Sheab is not as severe as in 
most other regions of the country due to the large amount of alluvial silt transported from 
the nearby eastern escarpment. There were, however, complaints among the local people 
about differences in land quality that caused low crop output for several households. 
Finally, possession of draught animals and the labor pool available to households form 
important components in the production system of the area, resulting in yield variations 
between farmers. The high cattle mortality level (death of livestock due to factors other 
than slaughtering) that occurred during the last major drought season has left many of the 
households with no draught animals. This combined with an acute shortage of farm labor 
has resulted in reduced yield for many households.  
6.3.2 Rural Restructuring and the Pastoral Model of Development   
The lowland region in the eastern part of the country is characterized by a hot and 
dry climate that cannot sustain any viable rain-fed farming. Mean annual rainfall is less 
than 200mm, falling mainly between October and April. Mean monthly temperatures are 
extremely high, ranging from 77oF in January and February to about 95oF in July and 
August. Dust storms and strong winds locally known as khamsin create an unpleasant 
working environment during the summer period. Given these ecological limitations, 
therefore, irrigated agriculture is predominantly becoming an effective type of land-use 
system in the study area. The source of water for the irrigated fields comes from “small 
rains” in April and May and “main rains” in July-September that cause run-off from the 
highland to the lowland. It is estimated that the flood season from July to September 
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constitutes about 65 percent of the annual flood, the rest occurring from October to 
February with smaller floods and reduced frequency (Negassi et al. 2000). In this section, 
I will first discuss the traditional system and then the modern system of producing food 
through spate irrigation. 
6.3.2.1 Traditional Spate Irrigation System  
The introduction of spate irrigation system in Sheab as a new means of producing 
food is relatively a recent phenomena. The technique was diffused during the time when 
the indigenous population in the study area had formed a successful livestock economy 
(personal communication with the community elders).  This goes along with Sauer’s 
(1952) general position who showed that the transition from migratory hunting and 
gathering to sedentary cultivation, in broad evolutionary terms, is possible under ample 
food situation. 
The traditional spate (flood) irrigation network involves the construction of a 
temporary structure one to three meters high locally called an agim. The materials 
required for building the embankment include stones and wood. The agim has to be 
rebuilt after every flood season, depending on the interval between consecutive river 
flows and the availability of draught animals needed for the work. The traditional spate 
irrigation system makes use of diversion canals at three different levels. The first one is 
jelwet, the main canal that diverts the runoff from the highland towards the field. Mizga is 
the next lower level where water taken from the primary canal reaches blocks of ten to 
twenty farm plots. Mizga is subdivided into smaller canals called gerrif, at the third level 
in the system bringing water to each farm plot. The structure for controlling and diverting 
water in this case needs large amount of wood, thorny bush, and soil, and extends for 
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about 300m (952ft).  Though it is relatively cheap, maintenance requires a considerable 
amount of labor. The sampled household heads (N = 60) were interviewed on the amount 
of labor time each spent to reconstruct the traditional canal every flood season. The 
responses obtained were further verified with the assistance of the extension workers in 
the area. As I expected, the result of the questionnaire survey showed considerable 
variation between informants because of the differences in labor pool from family to 
family. The mean labor time calculated for all interviewed heads was 67 days/year, which 
was a good indicator of the magnitude of the work burden involved in the farming system 
of the area.  
 The community takes the responsibility of managing water allocation, with the 
aim of ensuring an equitable distribution to the irrigated fields. Water is allowed to flow 
to the next block only after the preceding one receives its quota; as a result the fields near 
to the main diversion canal are better watered than those located farther away. The 
construction and replacement of diversion canals were communal activities. It has 
become increasingly difficult for the local people to carry out these activities, however, 
as most of them are in short supply of draught animals. The Ministry of Agriculture 
branch office at Sheab is currently assisting the farmers by carrying out activities under a 
cash-for-work program. 
The agim system has several shortcomings. First, due to the high risk of flood 
occurrence, irrigated agriculture cannot be carried out on sustainable basis using the 
traditional canals (agim), as these are sometimes completely washed away. Second, the 
distribution system has no efficient mechanism for controlling the water flow to each plot 
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of farmland. Finally, agro-pastoralists have insufficient knowledge with respect to the 
specific characteristics of spate irrigation.  
6.3.2.2 Modern Spate Irrigation System 
A modern spate irrigation system in the Sheab area was recently introduced by the 
Eastern Lowlands Wadi Development Project as a viable means of increasing crop yield 
in dry regions. The system makes use of the flood season and the local deposits of deep 
and highly fertile alluvial silts. Its main objective is to divert enough water towards the 
irrigated field because the deep soils in the area have high capacity for water retention. 
The development of modern spate irriga tion has contributed to the process of deposition, 
and according to a report by the MoA branch, soils are more than 2m (6.3ft) deep in 
much of the area. The flood from the highland creates a favorable condition for irrigated 
agriculture since it carries a considerable amount of silt. The area is predominantly flat, 
with slopes less than 2 percent (MoA 2000).  
The Wadi Laba Diversion Project is located at the foot of the eastern escarpment 
some 50km (31mi) west of the port of Massawa. It is an integrated farming system aimed 
at helping the pastoralists in and around Sheab improve crop yield through the use of 
primary and secondary canals that would control and divert run-off from the adjacent 
highland. The first phase of the project involved establishing a spate irrigation system 
that would water a total of 2,800ha land (MoA 2000) with plans for future extension. The 
scheme is the first of its kind in the semi-pastoral region of the country where interactions 
between the decision-making body (government), the consulting agency, and the local 
people have been successfully combined. The main diversion canal was designed in 
consideration of the local people’s knowledge about the seasonality of the main discharge 
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from the nearby escarpment and the direction it follows. The whole purpose of the 
Eastern Lowland Development Project is therefore to help the agro-pastoralists to achieve 
greater crop return with more control of water, while reducing the amount of labor by 
one-third from the traditional agim method. Richard Trimble, a consultant engineer for 
the Eastern Lowland Development Project, asserted that similar development schemes in 
Yemen and Pakistan have proved to be instrumental in transforming the pastoral societies 
to a better way of life (personal communication). 
6.4 Conclusion 
A network of selected markets was used as a reference to find out how livestock 
marketing in the study area functions at different links (primary, secondary, and 
terminal). In consideration of the severe shortage of time-series data, a household 
questionnaire survey was administered to record information on the performance and 
efficiency of the livestock marketing system. The type of data collected included number 
of animals marketed (supply), demand for animals and animal products, and livestock 
prices during different climatic phases. Results indicated that livestock supply during 
each market day was the function of several factors including desire for cash income, 
effective demand on the consumer/trader side, and expectations of the nature and length 
of wet and dry seasons. The survey also showed that small stock was most frequently 
marketed, since they were the quickest means of obtaining cash. The detrimental factors 
in livestock pricing during different seasons were identified and analyzed. The results 
showed that prices tend to be depressed during drought periods because of poor body 
conditions of animals, while the high market demand during social and religious 
celebrations tends to raise prices upward. Prices also vary considerably as the animals are 
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transferred from primary market center to the next higher marketing center, as a result of 
additional costs incurred during trekking and trucking.  
An important aspect of the study was to see if social stratification exists among 
the members of the pastoral communities studied. Renfrew (1991) defined stratification 
as the layering of society into leadership and groups that have unequal access to wealth 
and resources, while geographers perceive stratification as spatial and regional 
inequalities resulting from class distinctions (e.g., Hoggart and Kofman 1986). The 
critical factor here is population growth, which has led community members to intense 
competition over resource use. In view of this, R. Dyson-Hudson (1980) suggested a 
model in which the key determinant is controllability of resources such as waterholes, 
pasture, and gardens. In determining whether the study communities constitute stratified 
social groups or egalitarian societies, important indicators of economic inequalities and of 
social hierarchy were identified. The survey results showed that cattle and camels were 
important assets leading to wealth differentials and hence stratification among the Tigre 
and Hidareb pastoralists. Thus, herd size was used to place the study groups into three 
wealth categories; the poor constituted the majority of the households (62 percent) while 
the middle class and the wealthy group accounted for 30 and 8 percent, respectively. As 
for the cultural implications of wealth differentiation, rich households necessitated large 
families, which were realized mainly through the practice of polygnous marriages. But 
the role of livestock as a determining social and economic factor decreases during stress 
periods when the herders began to diversify their economy through various forms of 
income-generating activities (e.g., wage labor, petty trade). In sum, the survey on 
livestock marketing and income levels of the target groups provided the basis for 
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assessing the efficiency of the pastoral economy and revealed the necessity for further 
research on policy formulation considering the low-income households. 
Crop productions across the main climatic phases (i.e., the 1997/98 normal period 
and the 1999/2000 drought period) were considered to analyze the extent to which the 
household economies were susceptible to changes in environmental conditions.  
Moreover, the questionnaire survey was used to solicit information on farm resources 
(labor supply, land, water and farm implements) of the spate irrigation system at Sheab. 
The key production factors identified were farm size, draught animals, and household 
labor. The strength of each of these factors in explaining the variations in crop yield was 
analyzed using advanced statistical tool (multivariate regression analysis) and the results 
showed that crop production was most strongly impacted by the possession of farm 
animals. In general, the agro-pastoral area of Sheab is characterized as low-income and 
food deficit area with agriculture making no substantial contribut ion to the welfare of the 
household economy. The local people produce barely enough for subsistence, and as a 
result their economies remained stagnant. In spite of low production, the study findings 
showed that the bi-modal rainfall regime of the study area (which permits two harvests in 
a year) and the rich alluvial deposits carried from the highland are the factors that initiate 
the transition from the semi-nomadic mode of production to a crop economy. The recent 
introduction of Integrated Mechanized Farming (IMF) in the study area was also found to 
be crucial in transforming the semi-nomadic population to sedentary cultivators.  
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CHAPTER SEVEN 
GENERAL CONCLUSIONS AND SUMMARY OF FINDINGS 
7.1 Summary of Findings 
The Tigre and Hidareb pastoral groups constitute people with defined cultural and 
economic characteristics inhabiting arid environments characterized by marked seasonal 
variations in the amount of precipitation. Their livelihoods are almost wholly dependent 
on livestock and livestock products forming types of modes of production identified as 
pure-pastoralism and agro-pastoralism. The distinction between these two forms lies 
primarily in the type of economic strategy pursued by each category (i.e., wholly 
livestock-based economy versus livestock-crop economy) as well as in the pattern of 
pastoral movement involved (horizontal versus vertical). The pure-pastoralists follow a 
nomadic lifestyle relying heavily on the conditions of their environment that provide the 
necessities of life for their animals, while the agro-pastoralists practice diversified 
economy involving crop cultivation and animal rearing.  
The means of production (i.e., livestock) and the relationships that exist between 
the herders are directed toward serving the household needs and strengthening the 
cohesion of the pastoral community. The herders obtain food from their livestock directly 
in the form of milk and meat and indirectly in the consumption of cereals and other 
foodstuff purchased with the money obtained from selling animals. Money generated by 
selling livestock is also used to cover non-food expenses, and to carry out community 
functions related to marriage (transfer of bride-wealth), social links (loans and gifts 
during crisis periods) and the provision of hospitality. Consuming animal blood as a 
component of diet is an irregular occurrence and thus its contribution was more difficult 
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to quantify. However, bleeding is done during the dry season when milk supplies are the 
lowest or sometimes non-existent, and for this reason an inverse relationship is assumed 
between milk availability and blood use. 
· Changes in Herd Dynamics 
The survey on herd dynamics demonstrated that the variable and harsh 
environment of the study areas significantly impacted the livestock holdings of the 
households. In the 1999/2000-drought period, the overall mean reductions for large stock 
and small stock animals were as high as 31.7 percent and 48 percent, respectively. The 
analysis of the magnitude of reduction across wealth classes indicated that rich 
pastoralists suffered greater loss in absolute terms, but such losses were lower in 
proportion to their holdings. The reverse was true for the poor households, in which the 
absolute figures for losses were lower but with a significant proportional change. The 
wealthy classes, though suffering a considerable loss, reacted more quickly during the 
recovery phase, while the poor experienced either a long period of adjustment or an 
ejection from the pastoral system. The most important contributing factor for quick herd 
restructuring in the case of rich households was their cash assets, which enabled them to 
purchase kids and calves. 
Mortality due to drought was computed as a ratio of number of deaths in a given 
period of time to the total herd size for the same period of time. The mortality pattern for 
the small ruminants was similar to that of cattle—mortality increased during the drought 
period across all the zones studied. In parts of the northwest lowlands, higher death levels 
were observed for goats and sheep than for cattle and camels due to the greater 
susceptibility of these animals to diseases such as CCPP (Contagious caprine pleuro 
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pneumonia). During the drought period, sheep experienced higher disease- induced 
mortality rates than the other species. The differences in mortality rates between the 
species were largely the reflection of management techniques used by the herders and the 
capacity of each species to resist stress conditions. Shifts in species composition were a 
common phenomenon mainly as an adjustment strategy in times of stress. This was 
supported by study findings that indicated the decline in the ability of the Sahelian 
pastures to support growth in cattle populations compared to small ruminants (Vermeer 
1981; Metzel and Cook 1993). Similarly, Swinton (1988) noted that differential declines 
in cattle have been historically associated with droughts in the Sudano-Sahelian zone, 
resulting in a general shift in species composition towards small stock. 
· Survival in the Drought-Prone Pastoral Areas 
This study has concluded that Tigre and Hidareb households employ mobility as 
an adaptive strategy in the face of the unpredictable nature of rainfall. The pastoral 
groups invariably move to places with abundant resources, though the pattern of their 
movement varies widely between the different systems of livelihood (pure-pastoralism 
vs. agro-pastoralism). In spite of variability at the household level, the decision for 
migration at a community level is overwhelmingly dominated by search for forage and 
water.  
Two distinct types of mobility were observed during the fieldwork. For the 
transhumance pastoralists, movements are upward and downward on a seasonal basis. 
Given the altitude/rainfall correlation, the agro-pastoralists have key annual movements 
to the lowest part of the range in rainy season and to higher elevations at the end of dry 
season. While for the nomadic population, movement is horizontal and with the extension 
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of a dry period, the pure-pastoralists and their livestock trek long distance frequently 
involving trans-border migration. Cattle and sheep are the first to move, followed by 
camels and goats. The latter species show delayed migration because of their capacity to 
feed from scrub on rugged terrain (the case of goats) and from leaves of tall trees (the 
case of camels). Most movements are of relatively short span, following customary routes 
and territorial alliances with the neighboring groups, while long-distance migrations, 
including those trans-border, are less frequent and are usually performed by highly 
mobile Tigre groups.  
Herd diversification is maintained as a mechanism designed to meet the specific 
objectives of the households. Large stock like cattle are kept for their milk, while sheep 
and goats are highly regarded as potential sources of cash income and food because of 
their high reproductive rates. Statistical assessments of herd diversification during both 
normal and stress periods were performed using the Simpson Index (SI). The results 
showed that for the herders in the pure-pastoral areas the herd structure was highly 
diversified, while for the agro-pastoralists it tended to be dominated by a single species. It 
is concluded, therefore, that herd diversification is a strategy widely practiced in the more 
arid regions of the country where the advantage of adaptive capabilities of different 
livestock species are taken into consideration.  
Most respondents noted the critical role played by the female-dominated herd 
structure, especially during a post-drought recovery period. The study groups possessed 
female-dominated herd structures, which was part of their strategy to keep herds of high 
breeding capacity. Several authors (e.g., Desta 1999) have reached a similar conclusion 
for Borana pastoralists in southern Ethiopia. To reduce the risk factors involved with 
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crisis periods, a certain portion of a household’s possession is kept within the family’s 
herd while the rest is given to relatives and close friends, so that in case of severe crisis 
the losses for any household would not be total. Similarly, the herders split their livestock 
into core and satellite herds to make the best out of the varied resource base of the ir 
environment. Males and dry females of large ruminants that can be trekked long distance 
are generally included in the satellite herd, while the core herd consists of young and 
breeding stocks, which are kept near the homesteads using sources of water and forage 
nearby.  
The survey revealed that the pastoral groups differ from each other, however, in 
the strategies they adapt during crisis periods. For example, nomadic pastorals trek longer 
distances in search of water and other grazing resources than do the agro-pastoralists. 
Crop residue as supplementary feed for both cattle and small stock animals were used 
more frequently among the agro-pastoralists, while many pure-pastoralists fed their 
animals with shrub and tree leaves. In addition, community strategies like cattle loan for 
milk, meat, and herd establishment were more frequently practiced by the pure-
pastoralists than do the agro-pastoralists. 
The results of the study strongly reveal that the herders pursue strategies that 
allow them utilize range resources in a sustained and rational manner. They have adopted 
traditional ways of mitigating the effects of ecological crisis, including community 
strategies and managerial strategies. The persistence of well-established territorial 
alliances between the various pastoral groups of the country helps reduce conflicts over 
resource-use in a free ranging system. Unlike most other pastoral groups in East Africa 
(e.g., Turkana, Rendille, Masaai, and Borana) and West Africa (e.g., Fulani and Fulbe), 
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cattle raiding and ethnic strife are not common among herders in Eritrea. It is also 
concluded that both the crisis mitigation mechanisms and the societal controls that are 
enforced through the traditional power network act as checks against the “Tragedy of the 
Commons”. Pastoralism in Eritrea appears to be influenced, therefore, more by density-
independent factors (e.g., climatic variability) than by density-dependent factors (e.g., 
stocking rates and grazing pressure).  
· Hypothesizing a Developmental Model 
The Eritrean government is currently sponsoring development schemes in the dry 
regions of the country with the aim of achieving an improved standard of living for the 
pastoral communities. Services including the expansion of school enrolment of children, 
restructuring of the health care system and the supply of pure drinking water for the rural 
population are steadily expanding. A strategic shift to more diversified livelihoods in the 
form of farming, petty-trade, and wage labor has recently been intensified due to the 
declining pastoral economy. The study identified environmental constraints as the main 
“push” factors causing many people to abandon the traditional subsistence economy, 
while the provision of social amenities (education, health), and pure drinking water were 
the “pull” factors attracting people to villages and small towns (sedentary life). Unlike 
many pastoral groups in East Africa in which the herders were involuntarily relocated for 
security reasons (Fratkin et al. 1999), resettlement of nomads in Eritrea is taking place on 
a more voluntary basis. But for some community members, herding and mobility remain 
not only a strategy for survival but also a choice of life, due to the negative attitude these 
people have towards sedentarization (paradoxically as being devoid of place identity) and 
as a means for the spread of disease.  
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· Summary of the Findings. 
1. The pastoral communities surveyed have adopted traditional ways of mitigating the 
effects of climatically stressful periods. The hypothesis that the herders’ behavior 
represents successful strategies for survival was validated. 
2. Repeated occurrences of drought and high variability in precipitation have weakened 
the production base of Tigre and Hidareb small holders, contributing to an emerging 
pattern of impoverishment. 
3. Wealth differentials (in livestock possessions) between the pastoral households were 
determinants of economic inequalities and social hierarchy. The premise that recognized 
the study groups as egalitarian societies was thus rejected.  
4. Mobility is gradually being eliminated or restricted as a result of compelling human 
and ecological circumstances, while sedentarization, as an increasingly important 
process, is taking place in the study areas. The hypothesis that the mobile of land-use 
system (nomadic pastoralism) would be abandoned in favor of sedentary cultivation is 
thus accepted.  
7.2 General Conclusions  
1. The analysis on the effects of the 1999/2000 drought in the study regions and the 
efficacy of the coping mechanisms used by the pastoral households revealed that the poor 
households were particularly vulnerable, as their livelihoods were mostly dependent on 
small stock animals, in which they suffered great loss during the crisis. Moreover, the 
herd size requirement at a subsistence level indicated that these households utilize a large 
proportion of their herd possession for subsistence use compared to the rich. 
Consequently, risk aversion behavior is a more reasonable strategy for the nomadic 
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population, as the herders cannot achieve transfer of food reserves from wet season to dry 
season. The rich segment of the pastoral population could effectively practice an energy 
(food) transfer strategy, especially for a period where drought follows a wet year, but the 
majority of the households could not meet their subsistence needs during the drought 
period, and are thus more vulnerable to food crisis. It is recommended, therefore, that 
developments interventions (government and non-government) consider ways to maintain 
a minimum survival herd for the poor during food stress periods.  
2. The study assessed the levels of food aid given to the herders by examining the 
percentages of households that received relief aid from various sources (government, 
NGO’s, and relatives). It is recommended that aid should promote the pastoral economy 
and not create a situation of dependency, and a means should be designed so that 
assistance could gradually be shifted from relief aid to resource management techniques. 
The urgency of various measures should be carefully examined and priority should be 
given to areas where lives and livelihoods are more threatened.  
3. A scanty population dispersed over a vast geographical territory characterizes the 
herders inhabiting the study areas. This poses a constraint to development activities, as 
the target population is too small to allow for a cost-effective service point. Experiences 
from other countries have showed that the provision of health and education services to 
the pastoral communities was possible through use of both static and mobile facilities 
(Swift and Toulmin 1992). In the pastoral regions of Eritrea, health facilities could 
successfully reach the community members in places where semi-nomadic populations 
are less scattered and less mobile. For example, health posts could be established at sites 
such as a nodal point on a migration route or an important marketing center. Medical 
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personnel in the study areas asserted that mobile health units used for immunization 
campaigns had much greater coverage among the nomads. The author realizes this as a 
useful means of reaching the local communities, but it may not be entirely successful 
because some of the important categories of household members, including women and 
children, are likely to be missed. For better results, such health facilities could be staffed 
with trained community workers (midwives, paramedics, and assistants) chosen from 
among the pastoral community. Similarly, the effort to provide education to the nomadic 
populations of the country is facing constraints, though it is moving ahead with some 
success. The labor burden on the nomad children was the main difficulty that pressured 
parents to keep their children out of school. In several African countries, the problem of 
educating nomads has been addressed by setting up more mobile schools, but the 
outcome has been less than encouraging. In Eritrea as well, mobile education could not 
be made easier as the pastoral populations are widely dispersed and most often follow 
unpredictable migration patterns. A more systematic approach was recently devised to 
educate children in boarding schools. The form of service delivery (education and health) 
to the nomadic population, therefore, has to be adapted to the social and spatial 
geography of the target groups, which in turn requires a comprehensive review of 
experiences of countries with nomad populations.   
4. Over time the pastoralists in Eritrea have developed indigenous skills that help them 
mitigate the effects of unpredictable environmental conditions. They practice range 
management techniques as a way of saving forage for critical periods. Enforced by the 
local power of leadership, the pastoral communities have also set rules for regulating herd 
movements and for conflict resolutions. These traditional techniques are becoming less 
 182 
 
 
 
 
effective, however, in the face of increased ecological crisis as well as increased pressure 
on grazing lands by other users. In light of these circumstances, this study proposes a 
research program on the establishment of a livestock monitoring system based on the 
linkages developed at various levels (from the pastoral communities to regional and 
national levels). The primary target of developing an early warning system would be to 
establish a monitoring network capable of providing advance information on the pastoral 
conditions of the country. This could make use of advanced weather forecasting models 
that can provide information on livestock and predict the impact of weather on forage 
supply. The system would also make flow of critical information on emerging drought 
conditions possible, allowing the herders and the national and international agencies 
respond to a crisis situation in a more appropriate manner.  
In summary, my study has examined the interdependence and interactions 
between the pastoralists, their livestock, and the grazing resources available to support 
the animals. While many of the issues raised at the beginning of this study have been 
dealt with, many more arose during the research process and these require further inquiry.  
It is the author’s anticipation the output of this study will contribute to a better 
understanding of traditional and changing pastoral systems, which in turn will make it 
possible to devise development plans that will truly benefit the Eritrean pastoral 
population. This research project is also significant in creating baseline information that 
may be extrapolated for other regions of East Africa with similar environmental and 
cultural settings. 
 
 
 183 
REFERENCES 
 
Arkhust, C., and A. Reedharan. 1975. Time and Planting: A Brief Review of Experimental 
Work in Tanganika. Dareseelam: Agency for International Development. 
 
Arnon, I. 1987. Modernization of Agriculture in Developing Countries: Resources, 
 Potentials, and Problems. New York: John Wiley and Sons.  
 
Awad, M.  1962. Nomadism in the Arab Lands of the Middle East. In UNESCO: The 
 Problems of the Arid Zone. Arid Zone Research XVIII, Proceedings of the Paris 
Symposium, Paris, pp. 325-339. 
 
Awogbade, M. Kukah-Jangari, Kaduna State, Nigeria. Center for Social and Economic 
Research Report No. 9, Aamadu Bello University, Zaria, Nigeria. 
 
Bascom, J. 1990. Border Pastoralism in Eastern Sudan. The Geographical Review Vol. 
80(1): 416-430. 
 
Bassett, T. 1986. The Political Ecology of Peasant-Herder Conflicts in the Northern Ivory 
Coast. Human Ecology 78:453-472. 
 
Bates, G., and P. Conant. 1981. Livestock and Livelihood: A handbook for the 
1980’s. In: The Future of Pastoral Peoples. J.G. Galaty, D. Aronson, and P. Salezman, 
eds. Pp 89-100. Ottawa: International Development Research Center. 
 
Bauer, F.1977. Household and Society in Ethiopia: Economic and Social Principles and 
Household Organization. Michigan State University: African Studies Center. 
 
Behnke, R., and I. Scoones. 1993. Range Ecology at Disequilibrium. London: Overseas 
Development Institute. 
 
Behnke, R., and C. Kerven. 1995. Redesigning for Risk: Tracking and Buffering 
Environmental Variability in Africa’s Rangelands. In Livestock Development Strategies 
for Low Income Countries. FAO, Rome, Italy and ILRI, Nairobi, Kenya. 
 
Bekure, S. 1988. Household Income and Expenditure Studies. Arid Zones Program, 
 ILCA, Kenya. 
 
___________ 1993. Livestock Development: Issues and Opportunities. World Bank 
 Draft Report No. 12058-UNI, Washington D.C. 
 
Bonfiglioli, A. 1993. Agro-Pastoralism in Chad as a Strategy for Survival: Essay on 
 the Relationship between Anthropology and Statistics. London: Routledge and Kegan 
Paul. 
 
Breunig, P., and K. Neumann. 1996. New Research on the Holocene Settlement and 
Environment of the Chad Basin in Nigeria. African Archaeological Review 13: 111-148. 
 
 184 
Campell, J. 1984. Response to Drought Among Farmers and Herders in Southern 
Kajiado District, Kenya. Human Ecology 12:35-64. 
 
Capot-Rey, R.1962. The Present State of Nomadism in the Sahara. In The Problems of 
the Arid Zone. Arid Zone Research XVIII, Proceedings of the Paris Symposium, Paris, 
pp. 301-310. 
 
Cernea, M.1989. User Group as Producers in Participating Afforestation Strategies. 
Washington, D.C. 
 
Cassen, R.1984. Women and Development. Report to an Inter-Governmental Task 
 Force. Oxford: Clarendon Press. 
 
Chambers, R. 1992. Rural Appraisal: Rapid, Relaxed, and Participatory. Institute of 
Development Studies. Discussion Paper 311. U.K. 
 
Cohen, L. 1980. Statstics for Social Sciences. London: Harper and Row. 
 
Connell, D.2001. Rethinking Revolution New Strategies for Democracy and Social 
Justice: The Experience of Eritrea, South Africa, Palestine, and Nicaragua. New Jersey:  
Red Sea Press Inc. 
 
Coppock, L. 1994. The Borana Plateau of Southern Ethiopia: Synthesis of Pastoral 
Research, Development and Change. System Study No. 5. International Livestock Center 
for Africa, Addis Ababa, Ethiopia. 
 
Corbett, D.1988. Famine and Household Coping Mechanisms. World Development 
16:1099-1112. 
 
Corbett, D., S. Collins, R. Bush, and E. Muchugu. 1998. Texas Almanac Characterization 
Tool. A Resource Base for Characterizing the Agricultural, Natural, and Human 
Environments of Texas. Texas Agricultural Experiment Station, Texas A&M University 
System, Report No. 99-05. 
 
Cossins, J. 1985. Pastoralists and Drought in the Southern Rangelands of Ethiopia.  
ILCA/JEPSS Research Memorandum 20. ILCA, Addis Ababa Ethiopia.  
 
Cossins, J., and M. Upton. 1988. The Impact of Climate Variation on the Borana Pastoral 
System. Agricultural Systems 27: 117-135. 
 
Dahl, G.1979. Suffering Grass: Subsistence and Society in Waso Borana. Department of 
Anthropology, University of Stockholm. 
 
 
 185 
Desta, S. 1988.  Southern Rangelands of Ethiopia: Report on Livestock Census. 
Unpublished Report. Third Livestock Development Project, Addis Ababa, Ethiopia. 
 
________ 1999. Diversification of Livestock Assets for Risk Management in the Borana 
 Pastoral System of South Ethiopia. Ph D. Dissertation. Utah State University, 
 Logan, Utah. 
 
Dyson-Hudson, R.1980. Towards a General Theory of Pastoralism and Social 
Stratification. Nomadic Peoples 7:1-7. 
 
Dyson-Hudson, N., and R. Dyson-Hudson. 1982. The Structure of East African Herds 
and the Future of East African Herders. Development and Change 13: 213-238. 
 
Ellis, F.1993. Peasant Economics. 2nd ed. Cambridge: Cambridge University Press. 
 
Ellis, E., and M. Swift. 1988. Stability of African Pastoral Ecosystems: Alternate 
Paradigms and Implications for Development. Range Management 41: 450-459. 
 
Evans-Pritchard, E.E. 1976.  Neur and Dinka are Peoples: Ecology, Ethnicity and 
Logical Possibility. Man 11:463-491.  
 
FAO 1997. Forestry and Wildlife Sector: Pre-investment Study. TCP/ERI 6712. Asmara, 
Eritrea. 
 
________. 2000. Food Supply Situation and Crop Prospects in sub-Saharan Africa. 
Rome. 
 
Fratkin, E.1987. Age-Sets, Households, and the Organization of Pastoral Production: The 
Ariaal Pastoralists of Kenya. Human Ecology 18:385-402. 
 
Fratkin, E., and A. Roth.1999. Drought and Economic Differentiation Among Ariaal 
Pastoralists of Kenya. Human Ecology 18: 385-402. 
 
Friedel, H.1991. Range Condition Assessment and the Concepts of Threshold: A 
 View Point. Range Management 44: 422-426.  
 
Galaty, J. 1990. Nomadic Pastoralists and Social Change Processes and Prospective. 
Journal of Asian and African Studies 16:1-2. 
 
Galaty, J., and P. Salzman. 1981. Change and Development in Nomadic Pastoral 
Societies. International Studies in Sociology and Social Anthropology. Leiden, 
Netherlands. 
 
Ganon, M.1975. Population Growth and Socioeconomic Change in West Africa. New 
York: Columbia University Press. 
 
Gebremedhin, J. 1989. Peasants and Nationalism in Eritrea. Red Sea press, Inc. 
Trenton New Jersey. 
 186 
Gebremedhin, T.1996. Beyond Survival: The Economic Challenge of Agriculture and 
Development in Post-Independence Eritrea. New Jersey: The Red Sea Press. 
 
Ghebremuss, S., and B. Habte. 2000. Potential Impacts and Climate Change on Forests 
and Adaptation Strategies in Eritrea. Asmara, Eritrea. 
 
Ghosh, P. 1984. Population, Environment, Resources, and the Third World 
Development. London: Green Wood Press.  
 
Glantz, M.  1987. Drought, Famine, and the Seasons in sub-Saharan Africa: 
Anthropological Perspectives on the African Famine. New York: Gordon and Breach 
Science Publishers. 
 
Goldschmidt, W.1981.  A General Model for Pastoral Society System. In  Pastoral 
Production and Society. Cambridge University Press. 
 
Grandin, E.1983. Livestock Transactions Data Collection. In Pastoral Systems 
Research in sub-Saharan Africa, pp. 277-85. Addis Ababa, Ethiopia: International 
Livestock Center for Africa. 
 
Gulliver, H. 1975. Nomadic Movements: Causes and Implications. In Pastoralism in 
Tropical Africa, pp. 369-381. Oxford: Oxford University Press. 
 
Hadera, M. 2001. Soil and Water Management in Spate Irrigation Systems in Eritrea. 
Tropical Resource Management Papers. Netherlands: Wageningen University and 
Research Center. 
 
Hardin, G.1968. The Tragedy of the Commons. In Hardin and Baden (eds) Managing the 
Commons. San Francisco: W.H. Freeman. 
 
Helland, J. 1980. Social Organization and Water Control among the Borana of South 
Ethiopia. In: East Africa Pastoralism. Nairobi, Kenya pp. 117 
 
Herskovits, M.1926. The Cattle Complex in East Africa. American Anthropologist 
28:230-272, 361-385. 
 
Hill, A. 1985. Population, Health, and Nutrition in the Sahel: Issues in the Welfare of 
Selected West African Communities. London: Routledge and Kegan Paul.  
 
Hill, G., and A. Aucamp.1993. Carrying Capacity of the Succulent Valley Bushveld 
of Eastern Cape. Journal of Range Science 10 (1): 1-10. 
 
Hogg, R. 1986. The New Pastoralism: Poverty and Dependence in Northern Kenya. 
 Africa 56:319-333. 
 
Hoggart, K.; and E. Kofman 1986. Politics, Geography, and Social Stratification. 
London: Croom Helm. 
 
 187 
Holden, S., L. Coppock, and M. Assefa. 1991. Pastoral Dairy Marketing and Household 
Wealth Interactions and their Implications for Calves and Humans in Ethiopia. Human 
Ecology 19: 35-60.  
 
Hoste, H., and N. Houeron. 1977. Rangeland Production and Annual Rainfall 
Relations in the Mediterranean Basin and in the African Sahelo-Sudanian Zone. Journal 
of Range Management 30:181-189.  
 
ILRI. 1998. Linking Livestock and Natural Resource Management. Nairobi: International 
Livestock Research Institute. 
 
_______ 2000. Coping Mechanisms and their Efficacy in Disaster- Prone Pastoral 
Systems of Greater Horn of Africa: Effects of the 1995-97 Drought and 1997-98 El Nino 
Rains and the Responses of Pastoralists and Livestock. ILRI Project Report. A- 
AARNT, Nairobi Kenya, GL-CRSP LEWS, College Station, Texas USA, and 
 ILRI, Nairobi, Kenya 
 
International Monetary Fund. 1997. Growth, Structural Change and Economic Stability 
During Transition. Paper No. 152, pp. 35. 
 
Jacobs, H. 1980. Development in Tanzania Maasailand: The Prospective over 
Twenty Years, 1957-1977. Report Prepared for USAID Mission in Tanzania. Agency for 
International Development, Washington D.C.  
 
Jaetzold, R., and H. Schmidt. 1983. Natural Conditions and Farm Management 
Information. In Farm Management Handbook of Kenya Vol. II. Ministry of 
Agriculture, Kenya pp. 510-620. 
 
Jahnke, H. 1982. Livestock Production System and Livestock Development in 
 Tropical Africa. Addis Ababa, Ethiopia. 
 
Kahsaye, W.1995. The Status and Dynamics of Socio-Economic Conditions in 
Ziquala Woreda, North Wello. M.A. Thesis. Addis Ababa University, Ethiopia 
 
Khazanov, M.1982. Nomads and the Outside World. 2nd. Ed. The University of 
Wisconsin Press, U.S.A.  
 
Kellion, T.1996. The Eritrean Economy in Historical Perspective. Eritrean Studies 
Review Vol.1 (1): 91-118. 
 
Kenneth, W., and K. Ginn. 1986.  An Introduction to Population. Chicago: The Dorsey 
Press. 
             
Lane, C. 1998. East African Pastoralism: Common Land, Common Problem. Report in 
Drylands Program. Institute of Development Studies: University of Sussex. 
 
Lathan, C.1979. Human Nutrition in Tropical Africa. FAO Food and Nutrition 
Series No. 11. Rome: Food an Agriculture Organization of the United Nations. 
 188 
Leenw, N., and C. Tothill. 1999. The Concept of Rangeland Carrying Capacity in 
Sub-Saharan Africa. Overseas Development Institute- Pastoral Development 
Network, London. 
 
Little, D. 1982. Risk Aversion, Economic Diversification, and Goat Production: Some 
Comments on the Role of Goats in African Pastoral Production System. In Proceedings 
of the Third International Conference on Goat Production and Disease. Arizona: 
University of Arizona. pp. 428-430. 
 
McDonald, M. 1998. Early African Pastoralism: View from Dakhleh Oasis. Journal 
 of Anthropological Archaeology 17:124-142. 
 
Markakis, J. 1982. National and Class Conflict in the Horn of Africa. U.K: Cambridge 
University Press. 
 
Marshal, F. 1990. Origins of Specialized Pastoral Production in East Africa. American 
Anthropology 92 (3): 873-894. 
 
Meir, A. 1986. Demographic transition Theory: A Neglected Aspect of the Nomadism-
Sedentarism Continuum. Institute of British Geographers 11: 199-211. 
 
Metzel, J.; and A. Cook. 1993. Economic Comparative Advantage and Incentives in 
Livestock Production and Trade in West Africa’s Central Corridor. Cambridge:  
Associates for International Resources and Development. 
 
Ministry of Agriculture. 1997. Forest and Wildlife Resources of Eritrea. Forest and 
Wildlife Division. Asmara, Eritrea. 
 
____________________. 2000. Annual Report. Asmara, Eritrea. 
 
Ministry of Health. 1999. Annual Health Service Activity: A Report on Health 
Management Information System.  Ministry of Health. Asmara, Eritrea.  
 
Natarajan, M. 1999. Report on Production and Farming System Agronomy: 
Strengthening the Agricultural Research and Extension in Eritrea. Asmara, Eritrea. 
 
National Statistics Office. 1995. Eritrean Demographic and Household Survey. Asmara, 
Eritrea. 
 
__________________. 1997. Eritrean Demographic and Health Survey. Macro 
International Inc., Calverton, Maryland. 
 
Ndikumana, J. 2000. ASARECA Animal Agriculture Research Netwotk. Progress Report 
1999-2000 and 2001 Work Plan. Nairobi: International Livestock Research Institute. 
 
Negassi, B., E. Tengnas, and K. Gebru. 2000. Soil Conservation in Eritrea: Some Case 
Studies. SIDA Regional Land Management Unit. Technical Report No.23. Nairobi, 
Kenya. 
 189 
Niamir-Fuller F.1994. The Resilience of Pastoral Herding in Sahelian Africa. In Linking 
Social and Ecological Systems: Management Practices and Social Mechanisms for 
Building Resilience. Cambridge University Press, Cambridge U.K. pp. 250-284. 
 
Omar, M. 1993. Pastoralism and Livestock Restoration in Eritrea. In Pastoral and 
Rangeland Development Seminar in Eritrea. Institute of Research and Development 
Studies. Asmara: University of Asmara. 
 
Pausewang, S. 1988. Ethiopia: Rural Development Options. London and New Jersey:  
Zed Books Ltd. 
 
Porter, P., and E. Sheppard. 1998. A World of Difference: Society, Nature, and 
Development. New York: The Guilford Press. 
  
Pratt, D., and D. Gwyune. 1977. Rangeland Management and Ecology in East Africa. 
London:  Hodder and Stoughton. 
 
Prothero, M. 1972. Problems of Public Health among Pastoralists: A Case Study from 
Africa. Methuen, London, pp. 105-118. 
 
Reckers, U. 1994. Some Characteristics of High Reliability Organizations. School of 
Business Administration: University of California at Berkeley. 
 
Rey, B., W. Thorpe, and J. Smith. 1998. A Research Methodology for Characterizing 
Dairy Production Systems. Market-Oriented Smallholder Dairying Research. ILRI, 
Nairobi, Kenya. 
 
Rigby, P. 1985. Persistent Pastoralists: Nomadic Societies in Transition. University of 
California, Berkley. 
 
Roe, E., and K. Labnow.  2000. High Reliability Pastoralism. University of California 
Berkeley. 
 
Roth, E.1990. Modeling Rendille Household Herd Structure. Human Ecology 18:441-
456. 
 
Sadr, K.  1991. The Development of Nomadism in Ancient Northeast Africa. Philadelphia: 
University of Pennsylvania Press.  
 
Salzman, P. 1982.  Contemporary Nomadic and Pastoral Peoples: Africa and Latin 
America. In Studies in the Third World Societies. Publication No.17 pp. 219 
Williamsburg, Virginia. 
 
Samatar, A.1989. State and Rural Transformation in Northern Somalia 1884-1986. 
Madison: University of Wisconsin Press. 
 
 190 
Sanders, J., B. Shapiro, and S. Ramaswamy. 1996. The Economics of Agricultural 
Technology in semi-arid sub-Saharan Africa. Baltimore and London: John Hopkins 
University Press.  
 
Sandford, S. 1980. Reviews of World Bank : Livestock Activities in Dry Tropical Africa. 
Report Submitted to IBRD, Washington D.C. 
 
__________. 1983. Management of Pastoral Development in the Third World. London: 
John Wiley and Sons. 
 
Sauer, C. 1952. Agricultural Origin and Dispersal. New York: American Geographical 
Society. 
 
Scoones, I. 1993. Why Are There So many Animals? Cattle Population Dynamics in 
the Communal Areas of Zimbabwe. In Range Ecology at Disequilibrium: New Models of 
Natural Variability and Pastoral Adaptation in African Savannas. Overseas Development 
Institute: 62-76. 
 
Shyrock, S. 1964. Population Mobility within the United States. Country and Family 
Study Center. Chicago: University of Chicago Press. 
 
Sinclair, E. 1975. The Resource Limitation of Graphic Levels in Tropical Grassland 
Ecosystem. Journal of American Ecology, 44 (2): 497-520. 
 
Smith, A. 1992. Pastoralism in Africa: Ecology, Origins and Development. London: 
Hurst and Co.  
 
Spencer, P. 1973. Nomads in Alliance: Symbiosis and Growth among the Rendille and 
Samburu of Northern Kenya. London: Oxford University Press. 
 
Sperling, L. 1987. The Labor Organization of Samburu Pastoralists. McGill University, 
Department of Anthropology. 
 
Spicer, N. 1999. Pastoral Mobility, Sedentarization, and Accessibility of Health 
Services in the Northeast Badia of Jordan. Applied Geography 19: 299-312. 
 
Spooner, B. 1973. The Status of Nomadism as a Cultural Phenomenon in the Middle 
East. Journal of Asia and Africa Studies 7: 122-131. 
 
Sprinthall, C. 1987. Basic Statistical Analysis. 2nd ed. Addison Wesley Publishing 
Co. Inc., USA. 
 
Steward, J.1977. Evolution and Ecology: Essays on Social Transformation. Eds. Steward, 
J. and R. Murphey. Chicago: University of Illinois Press. 
 
Swallow, B. 1989. Strategies and Tenure in African Livestock Development . University 
of Wisconsin-Madison: Land Tenure Center. 
 
 191 
Swift, J. 1982. The Future of African Hunter-Gatherer and Pastoral Peoples. 
Development and Change 13: 159-181. 
 
Swift, J., and C. Toulmin. 1992. Guidelines and Strategies for Pastoral Development in 
 Africa. Discussion Paper for UNICEF/UNSO Project. 
 
Swinton, .M. 1988. Drought Survival of Subsistence Farmers in Niger. Human Ecology 
16: 23-44. 
 
Taylor, P. 1992. Reconstructing Socio-Ecologies: System Dynamics Modeling of 
Nomadic Pastoralists in the Sub-Saharan Africa. In The Right Tool for the Job: At Work 
in the Twentieth Century Life Sciences, eds. A. Clarke and J. Fujimura, pp. 115-58. 
Princeton, NJ: Princeton University Press.  
 
Tesfagiorgis, G. 1993. Emergent Eritrea: Challenge of Economic Development. Trenton, 
New Jersey: Red Sea Press. 
 
Thomas, S., and D. Sporton. 1977. Understanding the Dynamics of the Social and 
Environmental Variability. Applied Geography 17 11-27. 
 
Timberlake, L. 1985. Africa in Crisis. Earthscan International Institute for Environment 
and Development. UK. 
 
Trimingham, E.1976. Agricultural System in Ethiopia. Center for Agricultural 
Publishing and Documentation. Wageningen, the Netherlands. 
 
Tubiana, M., and J. Tubiana. 1977. The Zaghawa from an Ecological Perspective. 
Balkena, Rotterdam. 
 
Turner, D. 1999. Labor Processes and the Environment: The Effects of Labor 
Availability and Compensation on the Quality of Herding in the Sahel. Human Ecology 
27 (2): 267-296. 
 
United Nations Environmental Program.1985. Desertification Control. Bulletin No. 2.  
 
United Nations Children Fund. 1994. Children and Women in Eritrea. Asmara, Eritrea. 
 
_____________. 1995. Country Program Management Plan. UNICEF/ Eritrea. Asmara, 
Eritrea.  
 
United Nations Sudano Sahelian Office.1992. Pastoralists at a Crossroads: Survival and 
Development Issues in African Pastoralism. Project for Nomadic Pastoralists in Africa 
(NOPA). Nairobi, Kenya. 
 
_____________. 1994. Assessment of Desertification and Drought in the Sudano-
Sahelian Region, 1985-1991. New York: U.N. Development Program. 
 
 192 
Valentine, J. 1990. Grazing Management. San Diego, New York, Berkeley, Boston, 
London, Sydney, Tokyo, and Toronto: Academic Press Inc. 
 
Vermeer, E.1981. Collision of Climate, Cattle, and Culture in Mauritania during the 
1970's. The Geographical Review 7:281-297. 
 
Wienpahl, J. 1984. Livestock Production and Social Organization among the Turkana. 
Ph.D. Dissertation, the University of Arizona. 
 
World Bank 1999. World Development Report : Knowledge for Development, 1998/99. 
Washington D.C. 
 
Woldemichael, G.1999. Infant and Child Mortality in Eritrea: Levels, Trends, and 
 Determinants. Demography Unit, Stockholm: Stockholm University Press. 
 
Zekarias, A.1966. Land tenure in Eritrea. Addis Ababa:  Addis Ababa University Press.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 193 
APPENDIX I: HOUSEHOLD QUESTIONNAIRE 
Appendix IA: General 
1. Site code ______________ Administrative zone ____________ 
2. Household I.D. _________________ 
3. Name of the household head __________ Sex _______ Age ______ 
4. Marital Status _______ 
5. Age at marriage _______ 
6. Ethnicity ____________ 
7. Decisions on matters related to marriage /X/ 
 Personal _____    Arranged _____ 
8. Fill in the details for members of a household 
 
Family Size 1 2 3 4 5 6 7 8 9 10 
Sex           
Age           
 
9 Have you ever practiced methods of birth control? /X/ 
1. Yes _________ 
2.  No _________ 
10. If yes, mention the type used 
________________________________________________________________________
________________________________________________________________________ 
 
11. If No do you have the intention to use in the future? /X/ 
 1. Yes __________ 
2.  No __________
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Appendix IB: Resource Management and Spatial Mobility 
12. Average number of livestock possessed over different climatic phases. 
Pre-drought Drought Livestock Type 
PP AP PP AP 
Camels     
Cattle     
Goats     
Sheep     
 
PP = Pure-Pastoral; AP = Agro-Pastoral                                              
 
13. Livestock Population Change/demand functions/ over the last 12 months. 
Animal Type Deaths Sales Purchases Gift/loaned Marketed 
Camel       
Cattle      
Goats      
Sheep      
Other      
 
 
 14. State the reasons why your herd size is bigger or smaller now compared to the 
previous periods. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
15. Provide information on the type and quality of forage in your area. 
Forage Type Important species Quantity (plenty, some, none) 
Browse   
Grass   
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16. Provide information on supplemental feedstuff to your livestock across different 
climatic phases. 
          Normal season             Drought season Feedstuff 
Animals Kg/day Animals Kg/day 
Grain     
Grain by-products     
Crop residue     
Forage shrub/tree     
     
 
17. What are the main sources of water for your herd? 
1. ______________________________________ 
2. ______________________________________ 
3. ______________________________________ 
4. ______________________________________ 
18. Do you take permission on the use of water? /X/ 
1. Yes _____             
2.  No _____ 
19. Indicate the mode of ownership of the grazing land in your community. 
1. Private _____        
2. Communal ______       
3. Other (specify) _______ 
20. Does your community have regulations over the use of pasture? /X/ 
1. Yes ______          
2.  No ______ 
21. Explain briefly if your answer to the above question is yes. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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22. How often does conflict arise over resource use? /X/ 
1. Most often ______ 
2. Sometimes ______ 
3. Never ______ 
23. How do you settle disputes over resource use? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
24. Do wild animals threaten your livestock? /X/                                            
1. Yes _____      
2. No _____ 
25 Which of your livestock species are most commonly threatened by wildlife? 
1._________________ 
2._________________ 
26. What measures are practiced locally to ensure the safety of your herd from the 
danger of wild animals? 
_______________________________________________________________________
_______________________________________________________________________ 
 
27. Are there indicators of livestock diseases in your locality? /X/ 
1. Yes ______       
2. No ______ 
28. If yes, mention them in order of importance. 
1____________________ 
2. ____________________ 
3. ____________________ 
29. Who makes the decision for mobility? 
_______________________________________________________________________
_______________________________________________________________________ 
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30. Which members of the household go with the livestock? 
_______________________________________________________________________
_______________________________________________________________________ 
31. Who are those left behind? 
_______________________________________________________________________
_______________________________________________________________________  
32. Indicate species of livestock that are seasonally moved and the distance they travel in 
order of importance? 
Rank Longer distance Shorter distance 
1   
2   
3   
 
33. Have your ever faced any restriction on your decision to migrate? /X/ 
1. Yes _______   
2.  No _______ 
34. If yes, explain your answer in brief. 
________________________________________________________________________
________________________________________________________________________ 
35. Indicate the time/distance required to take your animals to water/pasture across 
different climatic phases 
Season                                              Time/distance required 
Normal season                                 _________________ 
Drought season                               _________________ 
36. List the traditional ways of coping with animal diseases. 
________________________________________________________________________
________________________________________________________________________ 
37. Does your community have a traditional grazing boundary? /X/ 
1. Yes __________ 
2.  No __________ 
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38. List the factors that determine pattern of movement in order of importance (e.g. 
water, forage, climate, etc.).  
1. ______________________ 
2. ______________________ 
3. ______________________ 
 
39. Do you exercise herding arrangement with other group of people? /X/ 
1. Yes __________ 
2.  No __________ 
40. If yes, mention the term of agreement in brief.  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
Appendix IC: Marketing, Income, and Expenditure Patterns  
41. Livestock population changes /demand functions/ over the last 12 months 
Animal Type Purchases Loaned Sales Death Slaughtered Gift 
Cattle       
Camel       
Goats       
Sheep       
other       
 
42. Livestock marketing 
       Average Monthly Supply       Average Price per Animal Animal Species 
Normal Season Drought Season Normal Season Drought Season 
Cattle (m)     
Cattle (f)     
Camel (m)     
Camel (f)     
Goats (m)     
Goats (f)     
Sheep (m)     
Sheep (f)     
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43. List the reasons in order of importance for selling animals. 
1. ________________________________ 
2. ________________________________ 
3. ________________________________ 
44. Do you use animal selling as a way of managing herd size relative to the available 
resource? /X/ 
1. Yes _________ 
2. No _________ 
45. Explain the answer to the above question in brief.. 
________________________________________________________________________
________________________________________________________________________ 
46. Sources of cash income for a pastoral household across different climatic phases. 
Source Normal Season Drought Season 
Livestock   
       Cattle   
       Camel   
       Small stocks   
       Hides and skins   
Others   
       Cereals   
       Remittance   
       Small-scale business   
 
47. Mean annual expenditure of a pastoral household across different climatic phases. 
Item Normal Season Drought Season 
Food items   
       Cereals   
       Non-cereals   
Non-food items   
       Clothing   
       Medicine/ Transport   
        Tobacco   
       Social/religious   
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Appendix ID: Social Services and Community Organization 
48. Do you send your children to school? /X/ 
1. Yes _________ 
2.  No _________ 
49. State the reason if your answer to the above question is no. 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
50. Do you think nomadic mobility is a hindrance to education in your area? /X/ 
1. Yes _________ 
2.  No _________ 
51. Frequency of veterinary services provided to you across different ecosystems (most 
frequently, sometimes, never). 
                                  Pastoral Area              Frequency 
Pure-Pastoral Area Agro-Pastoral Area 
Most frequently   
Sometimes   
Never   
 
52. How are the community leaders in your area elected? 
________________________________________________________________________
________________________________________________________________________ 
53. Who makes decision at a community level? 
________________________________________________________________________
________________________________________________________________________ 
54. Indicate /X/ the source and frequency of the assistance you received during the last 
two major drought periods (frequency = always, sometimes, never). 
             1984/85-Drought            1999/2000-Drought Source 
Received Frequency Received Frequency 
Relatives     
Neighbors     
Government     
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55. Indicate the magnitude of the following constraints in your area /X/ 
 Very Serious Serious Not Serious Never 
Deforestation     
Drought     
Flood     
Inadequate transport     
Pasture and water shortage     
Labor shortage     
Animal diseases     
Wildlife     
 
56. List the factors that caused environmental degradation in your area in the past few 
years. 
1. ______________________ 
2. ______________________ 
3. ______________________ 
57. If there is a permanent place where your need for water and pasture are met, will you 
volunteer to lead a settled life? /X/ 
1. Yes ________ 
2.  No ________ 
58. List the strategies you adopt during period of food crisis. 
1. ___________________________ 
2. ___________________________ 
3. ___________________________ 
59. Decision making 
Areas of activities            Head            Wife 
Livestock selling   
Crop selling   
Income managing   
Household expenditure   
Community decision   
Participation in election   
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60. Frequency of food consumption during different seasons /X/ 
                Normal season                  Drought season Diet 
Always Sometimes Never Always Sometimes Never 
Milk       
Meat       
Blood       
Cereal       
Vegetable       
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APPENDIX IIA: STUDY AREA DOCUMENT 
Appendix IIA 
Health Care Facilities of Eritrea by Year (1991-1999) 
Health 
facilities 
1991 1992 1993 1994 1995 1996 1997 1998 1999 
Hospitals 16 16 16 16 16 18 18 
Mini-
hospitals 
- 4 4 4 4 5 5 
Health 
centers 
4 36 40 44 50 49 49 
Health 
stations 
106 122 130 139 139 149 154 
Clinics - 
Reorganizing 
and 
Assessment 
Period 
29 31 31 40 40 37 
Total 126  207 221 234 249 261 273 
 
 
 
 
 
 
 
 
 
Appendix IIB 
Primary School Enrolment in the Eastern Lowland Region 
Student Number Teacher Number  No. Sub-Zone Number of 
Schools Male Female Male Female 
1 Afabet 7 2232 1186 49 10 
2 Dahlak 5 221 116 14 0 
3 Foro 10 1469 406 50 5 
4 Gelgelo 14 1269 239 57 2 
5 Gindae 17 3974 3058 84 30 
6 Karora 4 534 307 19 0 
7 Mitsiwa 8 1551 1324 35 37 
8 Nakfa 7 1730 767 46 6 
9 Sheab 5 1502 362 32 3 
           Total 77 14482 7765 386 93 
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      Appendix IIC  
     Land-use/Land-Cover Classification of Eritrea 
Type Area (km2) % of the total 
area 
Bushland 53252.1 42.28 
Open forest 409.6 0.33 
Grassland 25576.8 20.39 
Open woodland 11172.6 8.98 
Riverine forest 1865.1 1.48 
Mangroves 64.2 0.05 
Agriculture 7638.8 6.08 
Closed woodland 4532.5 3.60 
Closed forest 590.5 0.47 
Barren 18265.5 14.52 
Other 2290.6 1.82 
Total 125658.3 100 
 
 
Appendix IID 
Forest Classification Methods and their Extent in Percent of the Total Land cover 
Vegetation type Corresponding FAO class % of the 
total area 
Closed to medium forest 
Crown cover > 40% 
Mixed broad- leaved coniferous 
Species 
 
0.47 
Open forest 
Crown cover 10-40% 
Mixed broad- leaved coniferous 
Species 
 
0.33 
Closed/medium woodland 
Crown cover  > 40% 
Savannah/ open woodland 3.6 
Open woodland 
Crown cover 10-40% 
Savannah/open woodland 7.58 
Riverine forest Coastal and riverine palms 1.48 
Mangroves Mangrove 0.05 
Bush shrub grassland Scrub forest 20.33 
Grassland/wooded/grassland Grassland and Savannah 1.3 
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Appendix IIE 
Household Size and Active Adult Male Equivalent (AAME) 
HH 
ID 
Household 
Size 
AAME HH 
ID 
Household 
Size 
AAME HH 
ID 
Household 
Size 
AAME 
1 2 1.86 31 5 4.08 61 4 3.56 
2 4 3.56 32 2 1.86 62 2 1.86 
3 5 4.08 33 3 2.56 63 4 3.96 
4 9 6.95 34 2 1.86 64 2 1.86 
5 7 5.67 35 6 4.67 65 2 1.86 
6 4 3.56 36 3 2.56 66 4 3.96 
7 9 7.28 37 2 1.86 67 3 2.41 
8 8 6.95 38 3 2.56 68 3 2.41 
9 7 5.67 39 6 5.08 69 2 1.86 
10 5 3.89 40 3 2.56 70 4 3.96 
11 4 3.56 41 4 3.56 71 7 5.67 
12 9 6.95 24 2 1.86 72 4 3.96 
13 8 6.95 43 7 5.67 73 3 2.41 
14 9 7.35 44 5 4.08 74 5 4.50 
15 2 1.86 45 5 4.08 75 3 2.41 
16 5 4.08 46 6 5.08 76 4 3.56 
17 5 4.08 47 3 2.56 77 2 1.86 
18 6 4.75 48 4 4.75 78 3 2.41 
19 4 3.56 49 8 6.67 79 7 5.45 
20 5 3.89 50 2 1.86 80 3 2.41 
21 7 5.67 51 7 5.67 81 2 1.86 
22 7 5.45 52 6 4.75 82 5 4.08 
23 4 3.56 53 3 2.56 83 3 2.41 
24 5 4.08 54 9 7.67 84 2 1.86 
25 8 6.95 55 5 4.08 85 5 4.08 
26 3 2.56 56 2 1.86 86 6 4.75 
27 6 4.75 57 2 1.86 87 4 3.78 
28 3 2.86 58 5 3.75 88 4 3.78 
29 6 4.75 59 5 3.75 89 6 4.85 
30 3 2.56 60 3 2.56 90 4 3.56 
 
 
 
 
 
 206 
 
Appendix IIF 
Food Aid Distribution in the Kerkebet Study Region (January-May 2001) 
Local 
administration 
Wheat 
(Q) 
Protein 
(Q) 
Oil 
(Q) 
Salt 
(Q) 
Amalait 847 140 119 8.7 
Atay 417 69 59 4.3 
Dirfa 678 112 97 7.1 
Felik 322 53 45 3.3 
Hameshdiba 625 103 88 6.5 
Haranait 450 74 63 4.7 
Himbol 538 89 76 5.9 
Lokoyob 573 96 81 5.9 
Titaydomir 586 97 82 6.1 
Total 5036 833 710 52.5 
 
 
                                                        
           Appendix IIG 
 Organizations/Institutions Contacted 
No. 
 
        Organization/Institution      Location 
1 Animal Agriculture Research Network Nairobi, Kenya 
2 Animal Resource Division Asmara, Eritrea 
4 Anseba Region MoA Office Keren,  Eritrea 
5 Kerkebet sub-Region MoA Office Amalait., Eritrea 
6 Ministry of Agriculture Asmara, Eritrea 
7 Ministry of Education Asmara, Eritrea 
8 Ministry of Land, Water, and Environment Massawa, Eritrea 
9 Semenawi Keyih Bahri Region MoA Office Sheab, Eritrea 
10 Sheab sub-Region MoA Office Sheab, Eritrea 
11 Sir William Halcrow Consulting Co Sheab, Eritrea 
12 Texas A. & M. University College Station, USA 
13 UNDP  Asmara, Eritrea 
14  UNICEF Asmara, Eritrea 
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          Appendix IIH                           
          List of Collaborative Personnel 
No. Name Location Responsibility 
1 Mr. Mengistu Risom Asmara, Eritrea Head, MoA Animal Resource Division  
2 Mr. Habte Gayim Asmara, Eritrea Head, Anseba Animal Resource Division  
3 Mr. Isayas Minassie Tessenei, Eritrea Expert, MoA Gash Barka 
4 Mr.Temesgen G/Zghi Sheab, Eritrea Head, MoA Shieb sub-Region 
5 Mr. Ahmed Dirar Sheab, Eritrea Community Leader 
6 Mr. Richard Trimble Sheab, Eritrea Consulting Engineer 
8 Mr.Ouqbai H/Selasse Sheab, Eritrea Medical Personnel 
9 Mr. Estifanos Beyene Asmara, Eritrea Head, MoA Wildlife and Forest Division  
10 Dr. Jean Ndikumana Nairobi, Kenya Coordinator, A-AARNET 
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APPENDIX III: DATABASE 
Appendix IIIA: General 
House-
Hold ID 
 
Marital 
Status 
Age Literacy 
Status 
Marital 
Status 
Males Females House 
Hold 
Size 
Children 
to School 
1 1 65 0 1 0 0 2 0 
2 1 50 0 1 1 1 4 1 
3 1 50 0 1 1 2 5 0 
4 1 66 0 1 6 1 9 1 
5 1 60 0 1 2 3 7 1 
6 1 60 0 1 1 1 4 0 
7 1 60 0 1 2 5 9 1 
8 1 51 1 1 2 4 8 1 
9 1 50 1 1 1 4 7 1 
10 1 45 0 1 0 3 5 1 
11 1 50 0 1 2 0 4 0 
12 1 60 0 1 5 2 9 1 
13 1 44 0 1 2 4 8 1 
14 1 50 0 1 3 4 9 1 
15 1 45 0 1 0 0 2 0 
16 1 40 0 1 1 2 5 0 
17 1 42 0 1 0 3 5 1 
18 1 46 0 1 2 2 6 1 
19 1 50 0 1 1 1 4 0 
20 1 62 0 1 1 1 5 0 
21 1 52 0 1 3 2 7 1 
22 1 40 0 1 3 2 7 0 
23 1 45 0 1 1 0 4 1 
24 1 45 0 1 2 1 5 0 
25 1 68 0 1 2 2 8 1 
26 1 49 0 1 0 0 3 1 
27 1 69 0 1 2 2 6 1 
28 1 60 0 1 1 0 3 1 
29 1 68 0 1 3 0 6 0 
30 1 45 1 1 0 0 3 0 
31 1 40 1 1 3 0 5 1 
32 1 60 0 1 0 0 2 0 
33 1 40 0 1 0 1 3 1 
34 1 60 0 1 0 0 2 0 
35 1 42 0 1 0 4 6 1 
36 1 30 0 1 1 0 3 0 
 209 
 
 
 
 
 
 
 
37 1 55 0 1 0 0 2 0 
38 1 65 0 1 0 1 3 0 
39 1 49 0 1 1 3 6 0 
40 1 49 0 1 1 0 3 0 
41 1 49 1 1 1 1 4 0 
42 1 44 1 1 0 0 1 0 
43 1 40 0 1 1 4 7 0 
44 1 50 0 1 2 1 5 1 
45 1 50 0 1 3 0 5 1 
46 1 54 0 1 4 0 6 0 
47 1 43 0 1 1 0 3 0 
48 1 51 0 1 1 1 4 0 
49 1 60 0 1 4 2 8 0 
50 1 50 0 1 0 0 2 0 
51 1 56 0 1 5 0 7 1 
52 1 40 1 1 2 2 6 0 
53 1 59 1 1 1 0 3 0 
54 1 60 0 1 4 3 9 0 
55 1 45 0 1 2 1 5 0 
56 1 56 0 1 0 0 2 0 
57 1 45 0 1 0 0 2 0 
58 1 50 0 1 1 2 5 0 
59 1 50 0 1 2 1 5 0 
60 1 55 0 1 0 1 3 0 
61 1 41 1 1 1 1 4 1 
62 1 40 1 1 0 0 2 0 
63 1 48 0 1 1 1 4 0 
64 1 48 0 1 0 0 2 0 
65 1 65 0 1 0 0 2 0 
66 1 30 0 1 0 2 4 0 
67 1 60 0 1 0 1 3 0 
68 1 60 0 1 0 2 3 0 
69 1 46 0 1 0 0 2 0 
70 1 35 0 1 1 0 4 0 
71 1 67 0 1 2 2 7 0 
72 1 55 0 1 1 0 4 0 
73 1 45 0 1 1 0 3 0 
74 1 44 0 1 1 3 5 0 
75 1 31 1 1 1 0 3 0 
76 1 60 0 1 2 0 4 0 
77 1 37 1 1 0 0 2 0 
78 1 32 1 1 0 0 3 0 
79 1 60 0 1 5 0 7 0 
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80 1 60 0 1 1 0 3 1 
81 1 35 0 1 0 0 2 0 
82 1 60 0 1 3 0 5 0 
83 1 35 0 1 1 0 3 0 
84 1 56 1 1 0 0 2 0 
85 1 56 0 1 3 0 5 1 
86 1 61 0 1 2 2 6 1 
87 1 50 0 1 1 0 4 1 
88 1 60 0 1 2 0 4 1 
89 1 45 0 1 1 3 6 1 
90 1 52 0 1 2 0 4 1 
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Appendix IIIB 
Livestock possessions  
House- 
Hold ID 
Cattle 
Normal 
Camel  
Normal 
Goat 
Normal 
Sheep 
Normal 
Cattle 
Drought 
Camel 
Drought 
Goat 
Drought 
Sheep 
Drought 
1 8 1 10 10 0 0 3 2 
2 6 10 28 10 5 7 20 10 
3 5 3 40 10 0 1 10 0 
4 5 1 40 34 5 1 20 19 
5 10 1 10 20 3 1 5 5 
6 0 1 30 20 0 1 10 5 
7 0 4 20 10 0 2 10 2 
8 3 7 0 10 7 1 0 20 
9 1 0 35 30 0 0 25 3 
10 0 1 30 20 0 1 15 5 
11 2 1 40 8 1 0 15 3 
12 10 1 8 5 2 1 10 8 
13 5 0 20 17 3 0 15 10 
14 3 0 25 25 4 0 15 15 
15 5 1 15 8 2 1 5 3 
16 4 5 40 15 1 3 10 5 
17 0 2 22 25 0 4 12 15 
18 8 3 50 30 0 0 10 6 
19 5 2 50 30 2 1 20 10 
20 2 1 20 10 1 0 5 7 
21 30 2 0 50 2 0 0 5 
22 4 1 25 25 1 1 5 6 
23 0 1 50 5 3 1 10 2 
24 20 1 25 27 5 1 9 4 
25 0 1 100 0 0 0 13 0 
26 0 0 15 0 0 0 5 0 
27 2 1 100 20 1 1 20 10 
28 1 1 37 0 0 1 13 0 
29 7 1 50 12 2 0 20 10 
30 0 1 20 40 1 0 0 5 
31 10 6 20 40 2 4 7 20 
32 0 0 20 30 0 0 5 0 
33 20 1 20 15 2 1 5 4 
34 20 1 80 30 2 1 5 0 
35 0 1 15 0 0 1 5 0 
36 3 0 40 50 0 0 12 15 
37 2 0 20 6 0 1 6 2 
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38 10 0 30 0 0 0 5 0 
39 6 1 17 9 4 1 14 7 
40 4 1 15 13 3 1 11 7 
41 0 0 21 21 0 0 11 4 
42 7 0 15 10 2 0 10 2 
43 10 1 0 10 0 0 5 0 
44 10 0 15 0 0 0 5 0 
45 40 1 10 20 0 1 15 0 
46 0 1 20 0 0 0 10 5 
47 10 2 50 20 3 1 15 10 
48 4 1 20 0 2 1 6 0 
59 0 8 80 0 0 2 3 0 
50 0 0 20 30 1 0 10 15 
51 3 1 10 15 1 0 0 5 
52 7 2 25 0 5 0 10 0 
53 10 1 30 30 2 1 15 10 
54 1 0 10 25 2 0 0 5 
55 3 0 10 0 1 0 3 2 
56 15 1 30 20 0 0 2 7 
57 6 0 10 10 3 0 0 1 
58 10 0 25 0 5 0 3 1 
69 4 0 25 0 2 0 10 0 
60 0 0 15 15 0 0 10 15 
61 0 2 22 7 1 5 0 1 
62 2 6 200 100 2 3 50 25 
63 3 0 50 0 2 0 20 0 
64 0 1 40 0 0 0 20 0 
65 0 0 20 0 1 0 10 0 
66 0 1 50 0 0 0 0 0 
67 0 2 50 30 0 1 10 4 
68 0 5 0 40 0 2 0 10 
79 0 7 20 0 0 0 5 4 
70 0 1 20 15 0 1 8 5 
71 0 0 60 0 0 0 5 0 
72 0 0 20 0 0 0 0 0 
73 0 2 25 15 0 2 10 5 
74 0 0 20 0 0 0 10 0 
75 0 3 55 0 0 2 30 0 
76 0 5 10 10 0 2 5 2 
77 0 0 20 0 0 0 10 0 
78 4 0 60 50 3 0 20 30 
79 5 1 5 0 4 0 4 0 
80 15 5 20 20 0 1 10 2 
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81 0 3 55 0 0 2 30 0 
82 0 1 7 5 0 1 5 3 
83 0 1 50 0 3 1 5 0 
84 10 4 20 0 4 1 15 0 
85 5 1 25 10 4 0 0 2 
86 5 2 20 30 2 1 6 2 
87 10 10 100 0 3 5 20 10 
88 4 0 15 3 3 1 15 2 
89 4 1 10 5 0 1 0 0 
90 0 1 40 10 0 1 15 3 
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Appendix IIIC: Livestock Mortality (Diseases) 
House- 
Hold ID  
Oxen Cows Camel 
(m) 
Camel 
(f) 
Goat 
(m) 
Goat 
(f) 
Sheep 
(m) 
Sheep 
(f) 
1 0 3 1 0 0 6 7 0 
2 0 0 0 0 0 0 0 0 
3 0 0 0 0 3 3 10 2 
4 0 0 0 0 0 0 1 5 
5 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 
7 0 0 0 2 0 0 0 0 
8 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 2 0 0 
10 0 0 0 0 0 0 0 0 
11 0 2 1 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 1 0 4 
14 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 10 0 1 
16 0 0 0 0 0 0 0 0 
17 0 1 1 0 0 3 0 10 
18 0 0 0 0 0 2 0 4 
19 0 0 0 0 0 0 0 0 
20 0 7 0 0 0 0 0 20 
21 0 1 0 0 1 0 0 4 
22 0 0 0 0 0 1 0 0 
23 0 0 0 0 2 5 0 0 
24 0 0 0 0 6 11 0 0 
25 0 0 0 0 0 1 0 0 
26 0 0 1 0 0 50 0 0 
27 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 
29 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 4 0 5 
31 0 0 0 0 0 0 0 4 
32 0 3 0 0 0 5 0 5 
33 0 2 0 0 0 7 0 3 
34 0 0 0 0 0 4 0 0 
35 0 0 0 0 0 0 0 10 
36 0 1 0 0 0 0 0 2 
37 0 0 1 0 0 0 0 0 
38 0 0 0 0 0 0 0 0 
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39 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 
41 0 0 0 0 0 0 0 0 
42 0 1 0 0 0 0 1 1 
43 0 0 1 0 0 0 0 4 
44 0 0 1 0 0 0 0 0 
45 0 10 0 0 0 6 0 2 
46 0 0 0 0 0 3 0 0 
47 0 0 0 0 0 0 0 3 
48 0 0 0 0 1 0 0 0 
49 0 0 0 0 0 12 0 0 
50 0 0 0 0 0 0 0 0 
51 0 0 0 0 0 0 0 0 
52 0 0 0 1 0 0 0 0 
53 0 7 0 0 0 0 0 0 
54 0 0 0 0 0 0 0 7 
55 0 0 0 0 0 0 0 0 
56 0 2 1 0 0 8 0 11 
57 0 0 0 0 0 0 0 2 
58 0 0 0 0 0 0 0 0 
59 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 2 
61 0 0 0 0 0 0 0 1 
62 0 0 0 0 0 24 5 30 
63 0 0 1 0 2 10 0 0 
64 0 0 0 0 0 0 0 0 
65 0 0 0 0 0 0 0 0 
66 0 0 1 0 0 0 0 0 
67 0 0 0 0 0 4 0 6 
68 0 0 0 0 0 0 0 0 
69 0 0 0 3 2 4 0 0 
70 0 0 0 0 0 3 2 0 
71 0 0 0 0 6 5 0 0 
72 0 0 0 0 0 0 0 0 
73 0 0 0 0 3 3 0 6 
74 0 0 0 0 0 0 0 0 
75 0 0 0 0 1 13 0 0 
76 0 0 0 4 1 1 1 0 
77 0 0 0 0 0 5 0 0 
78 0 0 0 0 0 6 0 1 
79 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 
81 0 1 0 0 0 2 0 0 
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82 0 0 0 0 2 3 0 0 
83 0 0 0 0 0 0 0 0 
84 0 0 0 0 0 7 0 0 
85 0 0 0 1 0 0 0 0 
86 0 0 0 0 0 10 2 1 
87 0 0 0 0 1 0 1 10 
88 0 2 0 0 0 40 0 0 
89 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 
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Appendix IIID: Herd Dynamics 
House- 
Hold ID 
Oxen 
Sold 
Cows 
Sold 
Camels 
Sold(m) 
Camels 
Sold(f) 
Goats 
Sold(m) 
Goats 
Sold(f) 
Sheep 
Sold(m) 
Sheep 
Sold(f) 
1 2 0 0 0 1 0 1 0 
2 0 0 2 1 0 0 0 0 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 5 3 0 7 
5 0 3 0 0 3 0 0 0 
6 0 0 0 0 0 0 1 8 
7 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 
9 0 0 0 0 1 4 1 6 
10 0 0 0 0 0 0 2 8 
11 0 0 0 0 0 5 3 1 
12 1 1 3 0 2 0 1 0 
13 1 1 0 0 0 5 1 4 
14 0 0 0 0 0 3 0 6 
15 0 0 0 0 4 3 4 4 
16 1 1 0 0 1 4 2 0 
17 0 0 0 0 2 0 0 0 
18 0 4 0 0 5 0 1 3 
19 2 1 1 0 1 10 1 0 
20 1 0 1 0 1 9 0 0 
21 0 5 0 0 0 0 0 5 
22 0 0 0 0 0 2 0 0 
23 0 0 0 0 2 2 0 2 
24 0 0 0 0 0 10 0 7 
25 0 0 1 0 14 15 0 0 
26 0 0 0 0 0 0 0 0 
27 0 0 0 0 0 10 0 0 
28 0 1 0 0 0 10 0 0 
29 1 2 0 0 7 8 4 0 
30 0 0 0 0 0 0 2 5 
31 0 2 1 0 0 3 0 0 
32 0 0 0 0 0 5 4 0 
33 0 8 1 0 0 7 1 0 
34 0 2 0 0 1 5 5 0 
35 0 0 0 0 1 4 0 0 
36 0 0 0 0 0 0 0 0 
37 0 0 0 0 0 0 0 0 
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38 0 1 0 0 0 0 0 0 
39 0 0 0 2 5 0 0 0 
40 1 0 0 0 0 0 0 0 
41 0 0 0 0 2 0 0 0 
42 0 0 0 0 0 4 4 5 
43 1 1 0 0 1 2 0 3 
44 0 0 0 0 0 0 0 0 
45 0 3 0 0 0 5 0 0 
46 0 0 0 0 0 4 0 10 
47 0 0 0 0 0 0 0 0 
48 0 5 1 0 2 15 0 2 
49 0 1 0 0 4 4 0 0 
50 0 0 0 3 30 0 0 0 
51 0 0 0 0 0 10 1 0 
52 1 0 0 0 0 10 0 5 
53 0 2 0 1 0 6 0 0 
54 0 0 0 0 1 3 0 10 
55 0 0 0 0 0 10 1 12 
56 0 1 0 0 0 5 0 0 
57 1 0 0 0 1 1 0 0 
58 1 1 0 0 0 7 0 0 
59 0 1 0 0 0 0 0 0 
60 1 1 0 0 0 0 0 0 
61 0 0 0 0 0 0 0 0 
62 0 0 0 0 2 20 0 4 
63 0 0 0 0 0 30 5 0 
64 0 0 0 0 3 0 0 0 
65 0 0 0 0 3 1 0 0 
66 0 0 0 0 1 4 0 0 
67 0 0 0 0 0 0 0 0 
68 0 0 0 0 1 4 0 0 
69 0 0 0 3 0 0 0 10 
70 0 0 0 2 4 0 0 0 
71 0 0 0 0 3 4 4 0 
72 0 0 0 0 8 12 0 0 
73 0 0 0 0 1 19 0 0 
74 0 0 0 0 5 0 0 0 
75 0 0 0 0 0 7 0 0 
76 0 0 0 1 1 3 0 0 
77 0 0 2 1 0 3 3 2 
78 0 0 0 0 0 0 0 0 
79 3 1 0 0 10 15 13 1 
80 0 1 0 0 0 1 0 0 
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81 0 3 1 0 0 6 1 3 
82 0 0 0 1 0 6 0 0 
83 0 0 0 0 0 1 1 1 
84 0 0 0 0 5 18 0 0 
85 0 3 0 0 0 0 0 0 
86 1 0 0 0 0 5 0 4 
87 0 0 1 0 0 0 0 10 
88 0 1 0 3 0 20 0 0 
89 0 1 0 0 0 15 0 1 
90 0 4 0 0 0 5 0 5 
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 Herd Dynamics 
                Loss to Wildlife                    Slaughtered House-
Hold ID Goat 
(m) 
 
Goat 
(f) 
Sheep 
(m) 
Sheep 
(f) 
Goat 
(m) 
 
Goat 
(f) 
Sheep 
(m) 
Sheep 
(f) 
1 0 0 0 0 0 0 0 0 
2 0 0 0 0 8 0 0 0 
3 0 6 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 
5 0 0 0 3 2 0 0 6 
6 0 7 0 5 0 0 0 0 
7 0 5 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 
9 0 2 0 1 0 0 0 0 
10 0 3 0 0 0 0 0 0 
11 0 15 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 
13 1 0 1 0 0 0 0 0 
14 0 2 0 1 0 0 0 0 
15 1 0 0 1 0 0 0 0 
16 0 6 0 0 0 0 0 0 
17 0 0 0 0 0 0 0 0 
18 3 12 0 0 2 0 0 0 
19 1 8 0 0 0 0 0 0 
20 0 5 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 0 
22 0 10 0 0 0 0 0 0 
23 0 0 0 1 0 0 0 0 
24 0 0 0 6 0 0 0 0 
25 0 0 0 0 24 0 0 0 
26 2 0 0 0 0 0 0 0 
27 0 3 0 7 5 0 0 0 
28 0 10 0 0 0 0 0 0 
29 0 6 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 
32 0 4 0 3 0 0 0 0 
33 0 0 0 2 0 2 0 0 
34 0 10 0 4 1 0 0 0 
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35 0 0 0 0 0 0 0 0 
36 0 11 0 5 0 0 1 0 
37 0 8 0 0 0 0 0 0 
38 0 0 0 0 0 0 0 0 
39 5 0 0 0 0 3 0 0 
40 0 0 0 0 1 1 0 1 
41 0 0 0 0 1 0 0 1 
42 0 1 0 7 0 0 0 0 
43 0 0 0 1 0 0 0 0 
44 0 0 1 0 0 0 0 0 
45 0 4 0 0 0 0 0 0 
46 0 5 0 5 0 0 0 0 
47 0 5 0 0 0 0 0 0 
48 0 0 0 0 0 0 0 0 
49 0 3 0 0 0 2 0 0 
50 2 10 0 0 3 0 0 0 
51 0 0 1 0 0 0 0 0 
52 0 0 0 0 0 0 1 0 
53 0 3 0 0 1 0 0 0 
54 0 10 0 0 0 0 0 0 
55 0 0 0 0 0 0 0 0 
56 0 2 0 0 0 0 0 0 
57 0 0 0 2 0 0 2 0 
58 0 0 0 2 0 0 0 0 
59 0 0 0 0 0 0 0 0 
60 0 5 0 0 0 0 0 0 
61 0 4 0 3 0 0 0 0 
62 0 0 0 1 0 0 0 0 
63 0 37 0 1 5 15 0 0 
64 0 0 0 0 0 5 0 0 
65 0 16 0 0 0 0 0 0 
66 0 5 0 0 0 0 0 0 
67 0 0 0 0 0 0 0 0 
68 5 2 1 0 2 2 1 6 
69 0 0 0 0 0 0 0 0 
70 1 1 0 0 0 1 0 0 
71 0 1 0 1 0 0 1 0 
72 2 3 0 0 5 3 0 0 
73 0 0 0 0 0 0 0 0 
74 0 0 0 7 0 0 0 0 
75 0 1 0 0 2 0 0 0 
76 0 0 0 0 1 1 0 0 
77 0 0 0 1 0 0 0 0 
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78 0 0 0 0 0 1 0 0 
79 2 1 2 0 1 1 2 0 
80 0 0 0 0 0 0 0 0 
81 0 2 0 3 0 0 0 0 
82 1 0 0 0 0 0 0 0 
83 0 0 0 0 1 0 0 0 
84 1 4 0 0 5 3 0 0 
85 2 3 0 0 0 0 0 0 
86 0 0 0 0 0 10 1 3 
87 0 10 0 1 0 0 0 0 
88 0 0 0 0 0 0 0 0 
89 0 0 0 0 0 6 0 0 
90 0 0 0 0 0 5 0 0 
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Herd Dynamics 
House-
Hold ID 
Births Purchase Borrowed Deaths Sold Slaughtered 
1 3 0 0 3 0 0 
2 0 0 0 0 0 0 
3 3 0 0 3 0 0 
4 5 0 0 0 0 0 
5 4 0 0 4 0 0 
6 0 0 0 0 0 0 
7 0 0 0 0 0 0 
8 4 0 0 0 0 0 
9 0 0 0 0 0 0 
10 0 0 0 0 0 0 
11 1 0 0 1 1 1 
12 1 0 0 2 0 0 
13 0 0 0 0 1 0 
14 2 0 0 0 0 0 
15 4 0 0 3 1 0 
16 3 0 0 0 0 0 
17 0 0 0 0 0 0 
18 3 0 0 3 0 0 
19 0 0 0 0 0 0 
20 0 0 0 0 0 0 
21 2 0 0 0 0 0 
22 3 0 0 2 0 0 
23 3 0 0 0 2 0 
24 2 0 0 2 0 0 
25 3 0 0 0 0 0 
26 0 0 0 0 0 0 
27 0 0 0 0 0 0 
28 0 0 0 0 1 0 
29 4 0 0 0 0 0 
30 0 0 0 0 1 0 
31 2 3 0 4 0 0 
32 0 0 0 0 0 0 
33 0 2 0 0 0 0 
34 4 6 0 6 0 0 
35 0 0 0 0 0 0 
36 0 0 0 0 0 0 
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37 0 0 0 0 2 0 
38 2 4 0 4 0 0 
39 0 0 0 0 1 0 
40 0 2 0 2 0 0 
41 1 1 0 1 0 0 
42 0 0 0 0 1 0 
43 2 3 0 3 0 0 
44 0 2 0 2 0 0 
45 0 6 0 6 0 0 
46 2 3 0 5 0 2 
47 0 0 0 0 2 0 
48 2 2 0 2 0 0 
49 1 2 0 3 0 0 
50 0 0 0 0 0 0 
51 0 0 0 0 0 0 
52 0 2 0 2 2 0 
53 2 2 0 2 0 0 
54 0 3 0 3 0 0 
55 0 1 0 0 0 0 
56 0 2 0 1 1 0 
57 1 3 0 3 1 0 
58 1 2 0 2 0 0 
59 4 7 0 4 0 1 
60 0 0 0 0 0 0 
61 0 0 0 0 0 0 
62 0 1 0 0 0 0 
63 0 0 0 0 0 0 
64 1 0 0 1 0 0 
65 0 0 0 0 0 0 
66 1 0 0 0 0 0 
67 0 0 0 0 0 0 
68 0 0 0 0 0 0 
69 0 0 0 0 0 0 
70 0 0 0 0 0 0 
71 0 0 0 0 0 0 
72 0 0 0 0 0 0 
73 0 0 0 0 0 0 
74 0 0 0 0 0 0 
75 0 0 0 0 0 0 
76 0 0 0 0 0 0 
77 2 2 0 0 0 0 
78 0 0 0 0 0 0 
79 0 3 0 0 0 0 
 225 
 
 
 
 
 
 
 
80 5 0 0 0 3 0 
81 5 0 0 1 0 0 
82 0 0 0 0 0 0 
83 0 0 0 0 0 0 
84 0 0 0 0 3 0 
85 5 0 0 0 0 0 
86 4 0 0 0 0 0 
87 3 0 0 2 0 0 
88 0 0 0 0 0 0 
89 4 0 0 1 0 0 
90 0 0 0 0 0 0 
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Appendix IIIE: Livestock Prices (in Nakfa) 
House- 
Hold 
ID 
prnrgm prdrgm prnrgf prdrgf prnrsm prdrsm prnrsf prdrsf 
1 60 40 150 90 180 160 200 180 
2 90 70 100 80 175 200 220 130 
3 60 50 100 75 200 180 250 250 
4 50 45 180 120 150 10 300 220 
5 50 40 170 130 200 150 250 200 
6 150 120 120 100 200 220 250 240 
7 80 70 140 110 200 170 250 190 
8 100 70 70 55 300 180 280 170 
9 70 60 80 55 150 90 275 200 
10 80 55 150 90 220 160 290 220 
11 50 40 200 140 350 220 320 230 
12 60 45 150 100 150 90 180 140 
13 40 40 70 50 250 180 200 145 
14 50 40 120 80 170 135 240 160 
15 150 90 100 70 150 120 220 150 
16 90 70 100 60 150 100 280 160 
17 55 40 120 70 180 120 310 230 
18 70 60 90 70 350 230 250 170 
19 60 55 150 110 300 210 275 210 
20 75 70 160 120 250 200 180 125 
21 70 50 170 120 200 110 190 110 
22 60 45 80 45 90 80 200 90 
23 55 50 150 100 150 110 210 100 
24 150 90 120 80 300 220 220 120 
25 150 85 180 110 200 145 250 120 
26 65 60 110 75 300 190 230 150 
27 70 45 150 90 270 180 190 90 
28 55 35 200 120 300 210 250 100 
29 45 50 160 110 170 100 240 100 
30 70 45 200 120 150 120 255 110 
31 80 55 130 55 150 100 230 140 
32 90 60 180 120 200 130 220 120 
33 120 90 150 90 150 100 180 140 
34 90 75 120 80 150 100 210 130 
35 85 45 145 85 100 75 190 110 
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36 80 45 100 60 180 120 260 145 
37 110 65 125 75 160 120 280 150 
38 100 60 145 100 200 120 220 90 
39 90 55 135 90 90 60 195 85 
40 90 60 160 90 150 100 210 130 
41 95 60 150 100 300 200 180 120 
42 100 70 185 120 250 180 185 100 
43 80 50 170 120 300 210 190 110 
44 75 60 190 130 270 180 205 120 
45 80 55 210 120 300 220 270 190 
46 75 50 200 110 170 90 200 110 
47 75 55 160 80 150 110 265 160 
48 80 55 190 105 180 120 240 120 
49 70 50 150 85 300 170 230 110 
50 90 60 175 90 180 100 245 210 
51 95 60 200 110 300 120 240 120 
52 100 85 205 130 300 150 190 90 
53 105 70 195 95 200 140 210 100 
54 100 70 180 110 180 100 220 100 
55 95 60 175 120 220 160 220 120 
56 90 6 210 120 240 180 240 170 
57 75 70 170 110 250 180 260 180 
58 80 70 195 11 180 100 190 120 
59 80 70 180 130 280 150 250 150 
60 85 65 180 120 200 120 265 160 
 
 
Key 
prnrgm = price of male goat during normal period 
prdrgm = price of male goat during drought period 
prnrgf  = price of female goat during normal period 
prdrgf  = price of female goat during drought period 
prnrsm = price of male sheep during normal period 
prdrsm = price of male sheep during drought period 
prnrsf   = price of female sheep during normal period 
prdrsf   = price of female sheep during drought period 
 
 228 
 
 
 
 
 
 
 
Appendix IIIF: Household Income and Expenditure  (in Nakfa) 
House- 
Hold ID 
incnrliv indrliv innroth indroth expcrnr expcrdr 
1 1560 3000 3000 3300 4800 6000 
2 1800 2000 10000 8000 9488 7760 
3 1000 2400 700 1000 1800 3500 
4 2800 3600 3100 3000 5400 6400 
5 1400 4200 1000 2800 2400 7000 
6 1000 3500 1500 600 2200 3800 
7 2000 1200 5000 7000 5400 8000 
8 5000 1500 4800 8400 4000 9800 
9 1600 2000 4000 4800 5500 6400 
10 300 770 2000 3400 3000 5000 
11 1900 3500 1200 2700 3200 5500 
12 1550 1800 2000 2500 3500 3000 
13 2500 3700 2800 3500 5000 7040 
14 2100 5000 5000 7200 5800 9000 
15 1250 2750 1500 1500 2500 3800 
16 6000 8000 1100 1200 6000 7200 
17 150 2000 350 2500 3200 6000 
18 1500 2500 500 2000 1800 3300 
19 4000 2100 900 1300 3000 5100 
20 3200 1000 800 6000 3800 7200 
21 3250 3600 1000 1000 2500 3250 
22 2000 4000 3000 4400 5700 8000 
23 5500 5800 4000 2500 4386 5280 
24 5700 8500 1200 500 5200 6350 
25 6000 7700 1250 2150 7300 9600 
26 2900 3100 2200 3200 5527 5883 
27 3050 3440 3000 4600 6015 7115 
28 2400 7200 6000 8400 8400 9600 
29 3000 6600 3600 1200 3600 7200 
30 2400 6000 2400 2400 5400 8580 
31 400 750 500 200 500 900 
32 2400 3000 1250 1800 3000 4200 
33 3300 11025 500 300 8420 9256 
34 6000 7200 2400 2400 2400 4560 
35 1200 3800 2400 5400 4200 4800 
36 1200 200 1000 3200 1800 3300 
37 600 2400 4000 4200 4000 7300 
38 2000 2400 1800 2000 2000 2900 
39 800 1200 2500 2500 3200 3600 
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40 1950 1700 2400 2510 4900 5950 
41 2200 550 2400 2170 3160 5050 
42 900 2550 500 1250 1680 3240 
43 4000 6200 1000 4500 6400 12000 
44 3700 5600 1700 2200 5500 7200 
45 3000 3600 3000 4600 3800 8400 
46 1540 2700 1300 1600 2700 3800 
47 2200 2400 2200 4200 2600 4600 
48 5000 3000 3800 6000 2500 7000 
49 2000 950 2800 1700 3500 3300 
50 5000 7200 1000 1200 8800 14400 
51 4000 5200 2000 2500 4400 7500 
52 2000 2800 4500 6000 4000 6000 
53 3000 5000 1700 2700 3000 6500 
54 2200 3000 1200 1800 1800 3000 
55 3000 4000 2900 2400 5000 4800 
56 1500 400 3200 5000 2200 4600 
57 2000 3220 100 100 1200 2400 
58 1300 2000 1100 1700 600 1500 
59 3000 4800 4200 6200 4920 7200 
60 3000 3100 500 500 1200 2400 
61 1000 3600 3000 2500 4500 6000 
62 800 1000 5040 5040 4800 6600 
63 500 1000 2400 3800 3050 4350 
64 500 500 8000 8000 3600 3840 
65 800 1200 3600 4600 4500 6050 
66 460 600 5200 7200 5300 7800 
67 2400 5400 1200 1800 3600 6000 
68 1000 5000 4800 4800 5400 6000 
69 5350 5500 300 500 5400 5860 
70 3300 5400 1800 1200 2750 4220 
71 500 600 3600 2400 3900 4100 
72 4200 5400 1000 1200 4330 6850 
73 1350 1500 1800 1750 3100 2880 
74 1200 1850 3000 3000 4400 4900 
75 2000 2400 400 400 2450 2800 
76 5500 3700 1230 1700 4343 5260 
77 1900 2600 3500 3500 5250 4900 
78 1600 2000 3900 3900 5340 6045 
79 6200 5200 3000 3000 6100 5700 
80 3800 5000 4500 5000 8200 8700 
81 4000 8800 0 500 5000 8600 
82 1800 8600 1200 2400 3250 4600 
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83 5250 4200 945 1750 5000 5560 
84 2400 3600 1100 2200 4800 5800 
85 1300 1800 2900 3600 4200 4250 
86 1000 1500 500 1000 500 500 
87 4000 5000 500 1000 3800 5800 
88 2700 5500 400 300 3500 3660 
89 1200 1400 4000 4200 3230 4800 
90 1000 1500 10000 10800 4600 4900 
 
Key 
Incnrliv  = income from livestock sells during normal period; Incdrliv  = income from 
livestock sells during drought period; Innroth  = income from other sources during 
normal period; Indroth  = income from other sources during drought period 
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